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	Revision
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	15 February 2005
	Initial Release

	02
	14 April 2005
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	03
	24 January 2006
	Incorporate LAT-CR-06815 to eliminate the clock margin test. 
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	04
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	All changes to section 6.7.  Remove verification plan details as they are documented in the VCRM.  Add remainder of the function validation and success criteria to the LAT Level Test Cases.
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	28 July 2006
	All changes to section 6.7.  Corrections incorporated found as the result of a VCRM audit. Update test plan for Thermal Vacuum testing.  Empty section 8 deleted.
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	17 November 2006
	Add Observatory test section 6.8.  Section documents differences between Observatory and LAT level test.
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1.0 Scope

Purpose

The LAT Performance and Operations Test Plan describes the plan for verification of the Gamma-ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) under development by the Stanford Linear Accelerator Center (SLAC). This test plan is a living document, the contents of which are updated to reflect any changes to plans that arise during program execution. The initial release of the document will cover up through multi-tower testing during the integration phase.

Document Overview

This test plan identifies and describes the objectives and requirements for electrical testing to be performed as the subsystems are received and integrated into the LAT and to be performed on the LAT during the integration phase and during the acceptance test phase. The sections of this document and their specific purposes follow.

· Section 1.0, Scope, briefly describes the LAT Performance and Operations Test Plan and its objectives. 

· Section 2.0, Acronyms, defines the acronyms used in this document.

· Section 3.0, Applicable Documents, lists the documents referenced in this plan or that are applicable to the test process.

· Section 4.0, Overview of the LAT.

· Section 5.0, Performance and Operations Test Overview, provides an overview of the electrical tests defined by this document.

· Section 6.0, Test Definitions, describes the individual tests used to verify the LAT during the integration process and during acceptance testing. Test case descriptions include function validation, requirement sell-off, and success criteria.

· Section 7.0, Test Suites, describes the test suites, when each suite is used, and which tests are to be run during each test suite.

· Section 8.0 EGSE Definitions, describes the EGSE configurations and delineates which configurations are used during which test phases.

Acronyms

Table 2‑1
Acronyms

	ACD
	Anticoincidence Detector

	ADC
	Analog to Digital Converter

	AFEE
	Analog Front End Electronics

	CAL
	Calorimeter

	CDE
	Crystal Detector Element

	CFT
	Comprehensive Functional Test

	CPT
	Comprehensive Performance Test

	CPU
	Central Processing Unit

	CR
	Cosmic Ray

	DAC
	Digital to Analog Converter

	DAQ
	Data Acquisition

	EGSE
	Electrical Ground Support Equipment

	EPU
	Event Processing Unit

	FHE
	Fast High Energy Discriminator

	FLE
	Fast Low Energy Discriminator

	FSW
	Flight Software

	GAFE
	GLAST ACD Front End

	GARC
	GLAST ACD Readout Controller

	GASU
	Global Trigger, ACD, DAQ, and SIG Unit

	GBM
	Gamma ray Burst Monitor

	GCCC
	GLAST Calorimeter Cable Controller

	GCFE
	GLAST Calorimeter Front End

	GEM
	Global Trigger Electronics Module

	GLAST
	Gamma-ray Large Area Space Telescope

	GRB
	Gamma Ray Burst

	GTFE
	GLAST Tracker Front End

	GTRC
	GLAST Tracker Readout Controller

	HE
	High Energy

	HVBS
	High Voltage Bias Supply

	I&T
	Integration and Test

	LAC
	Zero-Suppression Threshold DAC

	LAT
	Large Area Space Telescope

	LCB
	LAT Communications Board

	LCI
	LAT Charge Injection

	LE
	Low Energy

	LFT
	Limited Functional Test

	LPT
	Limited Performance Test

	LRS
	Low Rate Science Counter

	MCM
	Multi-Chip Module

	MIP
	Minimum Ionizing Pulse

	P&OTP
	Performance and Operations Test Plan

	PDA
	Pin Diode Assembly

	PDU
	Power Distribution Unit

	PHA
	Pulse Height Analysis

	PMT
	Photomultiplier Tube

	SAA
	South Atlantic Anomaly

	SIIS
	Spacecraft Instrument Interface Simulator

	SIU
	Spacecraft Interface Unit

	SLAC
	Stanford Linear Accelerator Center

	SSD
	Silicon Strip Detector

	SVAC
	Science Verification and Calibration

	T&DF
	Trigger and Data Flow

	TACK
	Trigger Acknowledge

	TBD
	To Be Determined

	TEM
	Tower Electronics Module

	TKR
	Tracker

	TOT
	Time Over Threshold

	TPS
	TEM Power Supply

	TREQ
	Trigger Request

	ULD
	Auto-Ranging Discriminator DAC

	VDG
	Van De Graaff

	VG
	Van De Graaff


2.0 Applicable Documents

This section lists documents that either are referenced in this Test Plan or provide additional information applicable to the understanding of this document. 

Table 3‑1
Reference Documents

	No.
	Document Number
	Document Title

	[1] 
	NASA 433-SPEC-0001
	Mission System Specification

	[2] 
	NASA 433-IRD-0001
	LAT Instrument – Spacecraft Interface Requirements Document

	[3] 
	NASA 433-SRD-0001
	LAT Science Requirements Document

	[4] 
	LAT-SS-00010
	LAT Performance Specification – Level II(b) 

	[5] 
	LAT-SS-00018
	LAT Calorimeter Subsystem Specification – Level III

	[6] 
	LAT-SS-00019
	LAT Trigger and Data Flow Subsystem Specification – Level III 

	[7] 
	LAT-SS-00017
	LAT Tracker Subsystem Specification – Level III

	[8] 
	LAT-SS-00016
	LAT Anticoincidence Detector Subsystem Spec – Level III

	[9] 
	LAT-SS-00399
	LAT Flight Software Requirements Specification – Level IV

	[10] 
	LAT-SS-00778
	LAT Environmental Specification

	[11] 
	LAT-TD-00035
	LAT Coordinate and Numbering System

	[12] 
	LAT-TD-00191
	Tracker Tower Test Plan

	[13] 
	LAT-TD-00262
	Calorimeter Test Plan

	[14] 
	LAT-TD-00296
	Electronics Test Plan

	[15] 
	LAT-MD-00408
	LAT Instrument Performance Verification Plan

	[16] 
	LAT-MD-00446
	Science Verification and Analysis Plan

	[17] 
	LAT-TD-00493
	Mechanical Subsystems Test Plan

	[18] 
	LAT-MD-00575
	SVAC Plan for LAT Integration

	[19] 
	LAT-TD-00786
	LAT Flight Software Test Plan

	[20] 
	LAT-MD-00895
	LAT Survey Plan

	[21] 
	LAT-MD-01196
	LAT Dynamics Test Plan

	[22] 
	LAT-MD-01533
	LAT I&T EGSE Plan

	[23] 
	LAT-MD-01600
	LAT Thermal Vacuum Test Plan

	[24] 
	LAT-MD-02726
	LAT Electromagnetic Interference Test Plan

	[25] 
	LAT-MD-03489
	Ad Hoc Committee on ETE Testing, Findings & Recommendations
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3.0 Overview of LAT 

This section of the LAT Performance and Operations Test Plan (P&OTP) describes the overall LAT System.

The LAT science instrument (SI) consists of a plastic scintillator Anticoincidence Detector (ACD), a silicon-strip detector tracker (TKR), a hodoscopic CsI calorimeter (CAL), and a Trigger and Dataflow system (T&DF). The principal purpose of the SI is to measure the incident direction, energy, and arrival time of cosmic gamma rays. The measurements are streamed to the spacecraft for data storage and subsequent transmittal to ground-based analysis centers. 

The CAL provides the energy measurements of incident photons and background particles. These measurements, along with the information in the TKR, are used to reconstruct the energy of the incident photons. These CAL Measurements are also critical to the background particle identification and rejection. The CAL provides fast signals to the T&DF system that report significant energy depositions in CAL. The T&DF system analyzes these fast signals to form requests for data readout of GLAST. The CAL responds to T&DF requests by digitizing the energy deposition in the CAL and outputs the data to the T&DF system.

The TKR converts gamma rays to charged particles and precisely measures the path of the charged particles within the TKR. Fast signals from tracks are examined in the T&DF system for likely gamma ray candidates. Once identified, and at the request of the T&DF system, data are read out via the T&DF system. The T&DF system uses the data to assemble particle tracks and, coupled with the ACD and CAL, identify gamma rays. 

The ACD detects energetic cosmic ray electrons and nuclei for the purpose of removing these backgrounds. It is the principle means for detection of that background. This detector array covers the top and four sides of the TKR. It consists of an array of 89 plastic scintillator tiles (25 on the LAT top, 16 on each of the four sides) plus 8 scintillating fiber “ribbons” that cover the gaps between the tiles. Each scintillator tile is read by 2 PMT’s via waveshifting fibers (and in some cases by clear optical extensions.)

The T&DF system provides the functions for data acquisition, instrument control, and housekeeping operations. The T&DF decides whether the instrument should be triggered in response to trigger input information from the detector subsystems. If the instrument is triggered, the T&DF instructs the detector systems to acquire the data for that event and assembles the subsystem fragments into full events for transport to the T&DF processor farm. There the data is filtered for subsequent transmission to the Spacecraft and relay to the ground.

Performance & Operations Test Overview

Figure 5-1 illustrates the general flow of the testing governed by this plan. 
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Figure 5-1
I&T Test Flow

4.0 Test Definitions

The test definitions are in three major groups. The first group is the Subsystem Tests that will be ported from the Subsystem test program to be run during LAT level receiving tests and integration, and in some cases later during acceptance testing. The second group is the Integration Tests that are a small set of additional tests to be run on each unit as it is integrated into the LAT. The third set is composed of SVAC, Trigger and Data Flow, and System Interface tests. Many of the functions tested by the subsystem test scripts will be absorbed into the third set of tests, so few if any of the subsystem tests will be performed on the LAT after integration is complete. 

Subsystem Tests

This set of tests is based on subsystem level tests, and will be ported from the subsystem level testing for use at the LAT level.

4.1.1 TEM/ TEM Power Supply

The TEM/TPS will be tested by DAQ personnel as part of the final acceptance of the TEM/TPS. I&T will witness this test. This test verifies TEM/TPS basic functionality, functionally verifies the interfaces from the TEM to the Calorimeter and Tracker, demonstrates the temperature telemetry capability and tests the voltage outputs (including bias voltages at low, medium and high settings.) 

TEM/ TEM Power Interface Check

The primary and redundant interfaces between the TEM/TPS and the GASU shall be functionally tested using a combination of TEM register tests and event data. 

4.1.2 Tracker

The tracker testing is defined as a set of individual tests. The specific tests to be used for each test suite are defined in Section 6.7.2.30. The complete set of tracker tests (including those done only at the Tracker Subsystem level) is defined in GLAST LAT Tracker Tower Hand-off Electrical Test Plan (LAT-TD-04642-01)

All testing will use the default register configurations unless otherwise specified in the detailed test description.

Note that these scripts can be replaced by equivalent scripts designed to test all of the tracker towers in parallel.

TE100 – Tracker Turn-on and Power Consumption

The tracker shall be powered on in the default data taking configuration. All housekeeping telemetry (including Tracker related power telemetry from the TEM) should match expected values. The step change in TEM current consumption when the tracker is powered on should match expected values.

TE201 - GTRC Configuration Register and Readback

This test is performed to confirm whether the communication with GTRC is functional.

The GTRC chips are sequentially addressed and their configuration registers loaded with a bit pattern.  Each time the register is read back and checked for errors.  The test is repeated with the complement of the bit pattern.  The test then is repeated with a broadcast address for writing the register, followed by sequential readback.

TE202 - GTFE Registers Load and Read-Back

This test is performed to confirm whether the communication with GTFE via either GTRC is functional.

The GTFE chips are sequentially addressed via the low-side GTRC and their masks (TRIGGER, DATA, CALIB) and DAC registers are sequentially loaded with a bit pattern.  In each case the register then is read back and checked for errors.  The MODE register then is loaded to switch the chips to the high-side controller and the MODE register is read back via the right GTRC.  The MASK and DAC registers then are loaded with the complement bit pattern and read back via the right GTRC and checked. In both cases the test is repeated loading the bit pattern via a broadcast command and reading it back serially.

TE203 – Readout Configuration Test

This test is performed to confirm whether the serial path through GTFE is functional.

The redundancy of the readout configuration is tested by running the same test of the charge injection system for three layer configurations, i.e. i) all GTFEs read out on the low-side GTRC, ii) all GTFEs read out on the high-side GTRC, iii) default configuration with 12 GTFEs on each side. In each configuration all the channels in the layer are enabled for data taking and triggering, and the signal threshold is set high enough to cut out noise; one random channel per GTFE is pulsed with enough charge to cross the threshold. The layer is read out and the channels above threshold are compared with the pulsed one. 

TE301 – Gain and Noise Measurement

This test is performed to measure the gain and noise of each channel, which can be used to detect dead and disconnected channels. Noisy channels are not determined by this test.

The calibration DAC is set in each chip to about 1.5 fC injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size.  The threshold is scanned over a range about 1 fC, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel the gain and noise.  Channels having too low a gain are listed as dead amplifiers, and channels with a noise comparable with the average noise level from a bare MCM are listed as disconnected strips. The procedure is repeated for different mask settings until all live channels are analyzed. Average and RMS of gain and noise for each GTFE are saved. A list of dead channels including disconnected channels is generated and compared with lists of dead channels generated during previous tests. Changes of the list of noisy channels should be flagged for engineering evaluation and possible modifications to the default trigger and/or data masks. The presence of a response in the pulsed channel verifies presence of the serial path through the GTFE.

For the LPT, the number of channels is reduced to four or more per GTFE, which is sufficient to check GTFE functionality.

TE302 – Single Strip Noise Occupancy

This test delineates noisy channels.

The calibration and trigger masks are all disabled and the data masks are opened to all channels. The Calibration DAC is set to 0 (range 0), and the threshold is fixed around a working point value (THR_DAC = 35). 100,000 random triggers, followed by tacks, are issued by the TEM and the single strip noise occupancy (hits/triggers) is recorded. Any channel with the noise occupancy larger than 10-3 is considered as noisy in this test. The count of noisy channels must be within specification (less than 16 noisy channels per MCM). Changes of the list of noisy channels should be flagged for engineering evaluation and possible modifications to the default trigger and/or data masks.

TE303 - GTFE Noise Occupancy Scan

In this test, the noise occupancy for each GTFE is measured as a function of the threshold DAC value and the lower limit for the threshold DAC value is obtained.

The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The threshold DAC register is scanned over its range 0 in steps, starting from lower values. At each step of the scan random triggers are issued and strips above threshold are readout. At each data point, for each GTFE chip, the average strip noise occupancy is calculated as the ratio of the number of strips above threshold divided by the number of strips enabled in the FE. The threshold gets incremented until a plateau is reached, which is the result of cosmic rays crossing the stack in accidental coincidence with the issued random triggers. The average expected values are a few 10-5 for the occupancy plateau, occurring at a threshold DAC larger than ~30 (range 0). The threshold DAC corresponding to noise occupancy of 10-4 is extrapolated from the plot and shall be lower than a value of 30 DAC (range 0).

TE304 - GTFE Trigger Threshold Scan

This test obtains the lower limit for the threshold DAC for each GTFE by measuring GTFE trigger rate as a function of the threshold DAC. 

One GTFE is enabled at a time. The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing silicon layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value, the TEM LRS counters are monitored and each single GTFE must provide high rate trigger primitives at sufficiently low threshold. The threshold is increased in steps until the trigger rate decreases to cosmic rays levels at a reasonably high threshold. The GTFE rate should be less than 10hz at a DAC setting of 50, and the max GTFE rate should be less than 100 Hz.
TE305 - Layer Trigger Threshold Scan

This test obtain lower limit for the threshold DAC for each layer by measuring layer trigger rate as a function of the threshold DAC. 

One layer is enabled at a time. The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing silicon layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value, the TEM LRS counters are monitored and each single layer must provide high rate trigger primitives at sufficiently low threshold. The threshold is increased in steps until the trigger rate decreases to cosmic rays levels at a reasonably high threshold. The max rate should be less than 2400 Hz at a DAC setting less than 15, and less than 240 Hz at a DAC setting of 50.
TE306 - TOT Test

This test confirms the functionality of TOT circuits.

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. Enable a subset of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is fixed at value high enough to cut out noise, and the calibration DAC is scanned over its whole range shifting the masks as to cover the entire layer. The TOT values at both GTRCs are recorded for each setting and averaged over all pulsed channels. A fit with a straight line is performed in the linear region (i.e. for the TOT values below the saturation, occurring at 25 s). The slope should be between 1 to 5 µs/fC

TE307 – TREQ Check

This procedure confirms the functionality of TREQ system.

All the channels in the layer are enabled, except the known noisy channels. The calibration masks are all disabled. The trigger in the TEM is set to the standard 3-in-a-row self-trigger, enabling the combination of layers that includes the tray under test; the other five missing layers are faked by forcing the corresponding trigger lines in the combination to be always on. The threshold DAC is set at a low value (threshold DAC < 20), the TEM LRS counters are monitored and each layer must provide high rate trigger primitives at sufficiently low threshold. The measurement is repeated at a high threshold value (threshold DAC > 50). The trigger rate should be greater than 2.4 kHz at the low threshold and lower than 240 Hz at the high threshold.
TE401 – Self-Triggering Test

This test is performed to confirm the functionality of three-in-a-row trigger system.

The data and trigger masks in the layer are set to enable all channels to be read out except the noisy channels. The threshold is fixed at a value (THR_DAC ~ 35, range 0). The trigger is set to the standard 3-in-a-row self-trigger, enabling all combination of layers. The system is left running for ~10000 events with cosmic rays. Relevant plots (hitmap, event and cluster size distribution, and TOT pulse height distribution) are recorded and checked, before proceeding to long runs data taking for higher level performance tests. The trigger rate for each layer-OR should be greater than 10hz.

TE403 - Efficiency, Resolution, and Alignment

In this test, we measure detection and trigger efficiencies for each layer, upper limit of threshold DAC (to retain 99% detection efficiency), makes sure that the tray alignment is not way out of specification.

The trigger is set to the standard 3-in-a-row and all combinations are enabled. Detection efficiency is studied for each layer independently. Cosmic ray data are taken for at least 12 hours. (The data taking is merged with SVAC muon data taking, thus no script conversion is required at the LAT level)The data are analyzed as follows. Tracks are found and fit to straight lines with the layer under study omitted from the pattern recognition. Events are selected with a single, good-quality track. The projection of the track onto the selected layer is calculated, and a search is made for a hit cluster close to the track, if the extrapolation shows that the particle, to high confidence, passed through a live detector region.  The efficiency for finding a hit cluster is calculated from the full data set and recorded for each of the 16 SSDs in the layer. (Note that the tracker level test extends the test compared to the LAT level test. At the Tracker level, the threshold DAC is then varied and the efficiency measurement is repeated until the threshold range 0 has been explored.) The same measurement is then repeated for all the layers in the tracker tower.

For each trigger in the above procedure, the status of all Layer-ORs is recorded, and the efficiency of each Layer-OR is calculated in the same manner as for the data readout.

During the same procedure, when a cluster is found close to the track in the selected layer, its distance from the track intersection is calculated and a histogram of that residual is made on a layer-by-layer basis.  The width of the distribution is a measure of the resolution (with some bias from the track fit), and the mean of the distribution gives an indication of the alignment quality.

The number of triggers registered in every combination of 3 x-y- layers is recorded as to check that every combination works with good efficiency.

TE601 – Threshold Calibration

This test obtains the optimum threshold for each GTFE provided that the charge injection system is calibrated.

The calibration DAC is set in each chip to about 1.25 fC (~1/4 MIP) injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is scanned over a range about 1.25 fC around the nominal value, with about 100 events per setting taken.  For each setting the occupancy is calculated. The procedure is repeated for different mask settings until the data for all channels are taken. The best threshold for each GTFE is determined by a fit to the GTFE average occupancy vs. threshold. Noisy and dead channels as defined in the default configuration file should be excluded from the average.

TE602 – TOT Conversion Parameter Calibration

This test obtains conversion parameters from TOT into input charge for each channel provided that the charge injection system is calibrated.

The calibration and data masks are set to select only one channel in each GTRC. The calibration DAC is scanned over its whole range, with about 100 events per setting taken.  The TOT value as a function of injected charge is fit with a quadratic function for each channel. The fit parameters are stored in the SAS calibration database.

TE603 – MIP Calibration

This test calibrates the charge injection scale via TOT for each GTFE (or each channel if necessary).

The analysis uses data collected during SVAC runs, thus no LAT level script for data collection is required. Take cosmic ray data for one million events per tower. Measure muon MIP peak for each GTFE and obtain calibration DAC correction factor.

TE604 – Threshold Dispersion 

This test is performed to verify the threshold dispersion specification. (TKR Level IV, section 6.3)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time.  The calibration DAC is scanned over a range about 1.25 fC around the nominal value, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the threshold in terms of input charge. The procedure is repeated for different mask settings until the data for all channels are taken. This measurement is performed at the timing of the real DAQ TACK timing (TACK ~ 4µs), which gives the threshold for data capture.

TE702 – Trigger Jitter Measurement

This test is performed to verify the trigger jitter specification. (TKR Level IV, section 8.8)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. TACK delay is scanned over a nominal leading edge timing range, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the leading edge timing. The procedure is repeated for different mask settings until the data for all channels are taken. The above procedure is performed for the calibration DAC of 2.6 fC and largest charge (~30 fC.) Dead and noisy channels defined in the default configuration file should be excluded. Trigger jitter shall be less than 250 nanosecond (range less than 500 nanosecond).

TE704 - Noise Occupancy with Readout in Progress

This test is performed to verify the noise occupancy specification. (TKR Level III, section 5.12)

The calibration masks are set to simulate a typical high-energy photon conversion in the top converter layer (i.e. resulting in hits in every layer, with relatively high multiplicity in the lower layers), and the calibration DACs are set to inject about 5 fC. 5,000 pairs of events (where a pair of events is a calibration event followed by second trigger request timed to arrive when the tracker is still reading out data) are taken as follows. First, a calibration strobe is broadcast, followed by a trigger request to latch the data. (It is desirable to use trigger request from TKR three-in-a-row when GASU is available.) Then a readout of the data is begun, closely followed by a second trigger request issued before the readout is complete (it is desirable to vary the delay between the read-event command and the second trigger request). Then the second event is read out and the procedure repeated.  For each channel the occupancy from the triggers taken during readout is calculated and plots are made layer by layer.  For each event the trigger Layer-OR signals also are read and all possible 3-in-a-row trigger coincidences are calculated.  The individual Layer-OR occupancies are calculated from the full event sample of triggers taken during readout, and the same is done for the coincidences. Dead and noisy channels are excluded. The average noise occupancy shall be less than 10-4. 

4.1.3 Calorimeter

The Calorimeter testing is defined as two suites of testing. Section 6.1.3.1 defines these suites and the list of scripts used to capture and/or process test data.  Section 6.1.3.2 provides the definition of the scripts. Note that these scripts can be replaced by equivalent scripts designed to test all of the calorimeter modules in parallel.

Calorimeter Test Suites

The suites are a comprehensive functional test (CFT), and a limited functional test (LFT). These suites are defined to run on individual Calorimeter modules.

4.1.3.1.1 Calorimeter Comprehensive Functional Test

The CAL Comprehensive Functional Test (CFT) Suite is defined in LAT-MD-01370.  In general, the CFT provides verification of functionality or performance, and characterization of CAL settings, rather than detailed calibrations of the controlling DACs.  These simplified performance and characterization constants are then made available for trending analysis.

The tests included in the CFT are sufficient to: 

· verify full functionality of all CAL registers and proper communication with the TEM,

· measure pedestal centroids and widths,

· verify the stability of the optical bonds for all CDEs,

· measure the electronic gain, linearity, and integral non-linearity of each GCFE,

· characterize the low and high energy (FLE and FHE) discriminators,

· characterize the zero-suppression (LAC) threshold DAC,

· characterize the auto-ranging (ULD) discriminator DAC,

· estimate event deadtime,

· verify functionality of the overload recovery circuitry.

The CFT shall be comprised of the following tests in the listed order:

1. CALU_INIT:
Initialize the Calorimeter.

2. CALF_EXR_P01: 
Exercise registers. (Can be replaced with the TEM register test)

3. CALU_INIT: 
Initialize the Calorimeter.

4. CALF_PEDESTALS_CI: 
Compute pedestals.

5. CALU_INIT: 
Redefine pedestal file.

6. CALF_MU_OPTICAL: 
Collect cosmic muon data under CAL self-trigger

7. CALF_MU_TREND
Analyze muon data for changes in relative optical performance.

8. CALF_SHP_P01: 
Calibrate slow shaper and determine optimal charge-injection Tack time delay under Timed Readout.

9. CALF_GAIN_P01: 
Calibrate relative electronic gains with charge injection.

10. CALU_INIT: 
Redefine relative gain table.

11. CALU_COLLECT_CI_SINGLEX16: 
Collect charge injection.

12. CALF_ADC_P02:
Analyze data from charge injection to determine front-end integral non-linearity and noise

13. CALU_COLLECT_CI: 
Measure front-end integral non-linearity and noise with charge injection.

14. CALF_ADC_P05: 
Evaluate front-end droop.

15. CALU_COLLECT_CI_SINGLEX16: 
Collect charge injection.

16. CALF_TRG_P01: 
Test CAL-LO and CAL-HI trigger enable/disable with charge injection.

17. CALF_TRG_P04: 
Characterize FLE and FHE trigger times.

18. CALF_TRG_P03: 
Characterize FLE and FHE DAC settings with charge injection.

19. CALF_SUPP_P01: 
Characterize LAC DAC settings with charge injection.

20. CALF_SUPP_P02: 
Determine lowest effective LAC DAC settings.

21. CALU_INIT: 
Redefine LAC table, setting LAC to its lowest effective setting.

22. CALF_RNG_P01: 
Characterize ULD DAC settings with charge injection.

23. CALF_OVR_P01: 
Evaluate overload recovery with charge injection.

24. CALF_DTM_P01: 
Estimate event dead-time with charge injection.

4.1.3.1.2 Limited Functional Testing

The LFT suite shall include the following test steps.  As defined herein, they are executed sequentially on a single CAL Tower Module.  The tests included in the LFT are a subset of those in the CFT.  In addition, some of the tests themselves are abbreviated forms of the test in the CFT.

The tests included in the LFT are sufficient to verify the following: 

· Proper communication between TEM and CAL at nominal voltage and frequency.

· Functionality of all bits of all CAL registers.

· Stability of pedestals and pedestal noise in all four ranges of each GCFE.

· Stability of the optical contact of all LE and HE photodiodes.

Limited Functional Testing shall provide verification of selected elements of the electrical function of the AFEE and TEM electronics. The LFT shall be comprised of the following tests in the listed order:

25. CALU_INIT: 
Initialize calorimeter.

26. CALF_EXR_P01: 
Exercise registers. (Can be replaced by the TEM register test)

27. CALU_INIT: 
Initialize calorimeter.

28. CALF_PEDESTALS_CI: 
Compute pedestals.

29. CALU_INIT: 
Redefine pedestal file.

30. CALF_MU_OPTICAL: 
Collect cosmic muon data under CAL self trigger.

31. CALF_MU_TREND:
Analyze muon data for changes in relative optical response

Calorimeter Test Scripts

4.1.3.1.3 CALU_INIT: Initialize the Calorimeter

The CAL initialization script shall be executed to ensure that the CAL is powered and begins the functional test in defined configuration.

4.1.3.1.4 CALF_EXR_P01: Exercise registers.

A set of patterns shall be written to and read from all CAL registers to verify that the registers are properly functioning. All bits of nearly all AFEE and GCCC read/write registers shall be exercised in all eight broadcast configurations. The GCCC configuration register requires the “Controller output enable bit” to be set. Certain fields in some registers are designed to read back fixed settings. This behavior is tested as part of the read back verification logic. In this test, read-only registers are queried only as needed to support read/write register testing.

4.1.3.1.5 CALF_PEDESTALS_CI: Compute pedestals.

Pedestals for all energy ranges in all gain settings shall be computed by generating solicited triggers with zero charge injected.

4.1.3.1.6 CALF_MU_OPTICAL: Check optical response with muons.

The stability of the optical bonds shall be monitored with sea-level muons. A collection of 10 minutes of muons is adequate to establish that the relative gain of the Plus and Minus PDAs (both LE and HE photodiodes) of each CDE has not changed more than 10%.
4.1.3.1.7 CALF_SHP_P01: Map slow shaper output and determine optimal charge-injection Tack time delay under Timed Readout.

The LE and HE slow shaping amplifier outputs shall be mapped and the optimal Tack time delay for charge injection pulses under Timed Readout shall be determined.

4.1.3.1.8 CALF_GAIN_P01: Calibrate relative electronic gains with charge injection.

The electronic gain of all gain settings for each energy range shall be calculated from charge-injection pulses that are below saturation in the highest  gain setting. The mean pedestal-subtracted pulse shall be calculated in each gain setting. The Tack delay shall be set to the optimal delay for Timed readout computed in this functional test suite. The pedestals subtracted shall be those calculated during  this functional test suite.

The relative gains of all LE gain settings and all HE gain settings shall be recorded for trending analysis.

4.1.3.1.9 CALU_COLLECT_CI_SINGLEX16: Charge injection collection.

Data to support determination of the integral linearity of all energy ranges will be obtained with charge injection data. Charge shall be injected simultaneously into a limited number of GCFE chips to minimize the bias introduced into the linearity measurement by cross talk between neighboring GCFEs.

4.1.3.1.10 CALU_COLLECT_CI: Charge injection collection for readout order droop test.

The integral linearity of all energy ranges shall be measured with charge-injection data.

4.1.3.1.11 CALF_ADC_P05: Evaluate Droop

The amount of GCFE track-and-hold droop between the first and last readout shall be measured with charge injection pulses. 

The mean ADC value for each charge injection setting and readout order shall be calculated. The droop is then defined to be the ratio of the mean ADC value at each readout order to the mean ADC value when that energy range is read out first.

4.1.3.1.12 CALF_TRG_P01: CAL-LO and CAL-HI trigger enable/disable with charge injection

The functionality of the FLE and FHE trigger primitives of each GCFE shall be tested with charge injection pulses. For each GCFE and trigger source (FLE/CAL-LO and FHE/CAL-HI) in sequence, the discriminator shall be enabled, charge shall be injected, and the LRS counters inspected to determine if the CAL-LO or CAL-HI trigger has been processed.

4.1.3.1.13 CALF_TRG_P03: Characterize FLE and FHE DAC settings with charge injection.

The pulse amplitudes at which the FLE and FHE discriminators fire shall be characterized with charge injection. This characterization is distinct from a calibration in that only a small number of DAC settings are examined.

4.1.3.1.14 CALF_TRG_P04: Characterize FLE and FHE trigger times.

The time delay between pulse injection and the appearance of the FLE trigger primitive in the diagnostic data shall be characterized with charge injection.

This process shall then be repeated for the FHE DAC.

4.1.3.1.15 CALF_SUPP_P01: Characterize LAC DAC settings with charge injection.

The pulse amplitudes at which the Log-Accept discriminators fire shall be calibrated with charge injection. This is not a calibration because only a subset of the LAC DAC settings is examined.

The output of this process is a table of correspondence between the LAC DAC setting and LEX8 ADC bin number in the nominal flight gain (“lac2adc”).

4.1.3.1.16 CALF_SUPP_P02: Determine lowest-effective LAC DAC settings.

The lowest LAC DAC setting for which pedestals are excluded shall be determined for each channel. This setting is therefore the lowest for which the LAC functions effectively as zero suppression. Noisy channels are detected and recorded.

4.1.3.1.17 CALF_RNG_P01: Characterize ULD DAC settings with charge injection.

The correspondence between the Upper Level Discriminator (ULD) DAC setting and the ADC value at which the range selection is made shall be characterized with charge injection. This is a characterization rather than a calibration, because only a subset of the ULD DAC settings is examined. 

4.1.3.1.18 CALF_DTM_P01: Verify compliance with event deadtime requirement.

An estimate of the event deadtime shall be calculated using charge injection. The total number of solicited triggers, the total number of events read out, and the total LRS dead time counter accumulation from the TEM shall be logged. The average dead time is then given by the ratio of the total LRS data time to the total number of events read out.

4.1.3.1.19 CALF_OVR_P01: Test functionality of overload recovery using charge injection.

The operation of the active overload recovery shall be verified using charge injection pulses. Data from solicited triggers with null charge injection that follow immediately after solicited triggers with maximal injected charge may be inspected for evidence of incomplete baseline restoration. 
4.1.3.1.20 CALF_ADC_P02: Analyze charge-injection data to determine front-end integral non-linearity and noise 

The data from CALU_COLLECT_CI_SINGLEX16 shall be analyzed to determine the maximum integral nonlinearity and noise in each energy range. 

4.1.3.1.21 CALF_MU_TREND: Analyze muon data for changes in relative optical performance. 

A sensitive test for changes in the PDA optical bond quality can be made from the ratio of LE diode signals from the Plus and Minus faces and the LE/HE ratio at each of the Plus and Minus faces. The diode ratios – LE(Plus)/LE(Minus), LE(Plus)/HE(Plus), and LE(Minus)/HE(Minus) – shall be calculated from the pedestal subtracted ADC values in the LEX8 and HEX8 ranges.

4.1.4 GASU

The GASU will be tested by DAQ personnel as part of the final acceptance of the GASU. I&T will witness this test.

4.1.5 EPU

The EPU will be tested by DAQ personnel as part of the final acceptance of the EPU. I&T will witness this test.

4.1.6 SIU

The SIU will be tested by DAQ personnel as part of the final acceptance of the SIU. I&T will witness this test.

4.1.7 PDU

The PDU will be tested by DAQ personnel as part of the final acceptance of the PDU. I&T will witness this test.

4.1.8 ACD 

ACD Receiving Tests

The ACD receiving test shall consist of the equivalent of the Power Up, ACD Full 
Functional Test, ACD Redundant Interface Test, and Muon Collection (defined in ACD-PROC-000270 sections 4.1, 4.3, 5.0 and 6.0) ported to the I&T environment. The Muon Collection (ACD TriggeredOp Test) shall be performed on the primary data path, with the primary HV side and a duration of 3 hours.

Based on a successful post ship checkout of thermistors by the ACD subsystem team, no testing of the two temperature interface connectors is necessary. The ACD current and room temperature shall be monitored. 

ACD LPT

The ACD LPT shall be the same as the ACD receiving test.

ACD CPT

The ACD CPT shall be the same as the ACD receiving test.

Integration Tests

The following list defines tests that will be executed during the integration testing that are in addition to the previously defined subsystem tests or that are modifications from the previously defined subsystem tests.

4.1.9 CAL to TEM/TPS Integration Tests

An interface verification test shall be performed on the TEM/TPS and on the Calorimeter prior to integration of these two assemblies. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

The calorimeter receiving test shall be performed after the calorimeter and the flight TEM/TPS are integrated.

4.1.10 Tracker to Tower Integration Tests

An interface verification test shall be performed on the Tracker prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

The tracker receiving test will be performed after the tracker is integrated with the flight TEM/TPS and calorimeter. 

4.1.11 GASU Integration Tests

A safe to mate test and stray voltage test (as applicable) shall be performed on the GASU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

4.1.12 PDU Integration Tests

A safe to mate test and stray voltage test (as applicable) shall be performed on the PDU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

4.1.13 SIU Integration Tests

A safe to mate test shall be performed on the SIU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

4.1.14 EPU Integration Tests

A safe to mate test shall be performed on the EPU prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

4.1.15 ACD Integration Tests

An interface verification test shall be performed on the ACD prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

An ACD CPT shall be performed after the ACD is integrated.  This CPT may be satisfied by the performance of the Baseline LAT Test.

4.1.16 Heater Control Box Integration Tests

An interface verification test shall be performed on the Heater Control Box (HCB) prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

The tests defined in LAT151 and LAT152 verify connectivity through the HCB.

4.1.17 Radiator Integration Tests

An interface verification test shall be performed on the Radiator prior to integration. The interface verification test shall demonstrate that the pinouts comply with the interface control documents.

The tests defined in LAT151 and LAT152 verify the interfaces between the Radiator and the LAT.

4.2 Tower Tests

4.2.1 Functionality vs Clock Frequency

This test has been eliminated from the integration tests, but is retained for historical purposes. The Tracker and Calorimeter LPT will be performed at three clock frequencies. The frequencies are low (14 Mhz), nominal (20MHz) and high (22MHz). The nominal frequency test may be covered during the normal CPT or LPT with the clock at the nominal frequency. 

Trigger and Data Flow Tests

Trigger Test

GEM Timing Alignment

This test verifies the timing alignment and jitter for each GEM trigger input by examining coincidences of the external trigger and the trigger under test as the trigger input time is varied relative to the time of the external trigger. 

The LAT tower will be set up using the muon data taking configuration. The trigger masks are set to trigger on the external trigger (from the muon telescope), and one trigger input under test (either the Calorimeter or Tracker). The TREQ delay for the trigger input under test is scanned across the allowable range. At each of the 16 locations, 5000 events are to be captured. The coincidence of external trigger and trigger under test at each step are computed and are used to compute center time and jitter. 

Subsystem TACK Delay Test

This test determines the optimal trigger output (TACK) delay for each subsystem.

The LAT tower will be set up using the muon data taking configuration. The trigger masks are set to trigger on the external trigger only. The external trigger will be provided by the muon telescope. The TACK delays for the Tracker and Calorimeter will be scanned over the applicable range simultaneously, with a total of 8 steps across the range. The optimal TACK delay will be determined by analysis of the pulse heights for the calorimeter and hit multiplicity for the tracker. 

FLE Muon Scan

This test determines the optimal setting for the FLE to support muon data taking.

The LAT tower will be set up using the muon data taking configuration. The trigger will be configured to use the external trigger, the Tracker trigger and the CAL lo trigger. The FLE DAC setting is scanned over the applicable range and the optimal FLE DAC setting is computed.

Trigger Efficiency

This test determines the LAT trigger efficiency.

The LAT tower will be set up using the muon data taking configuration. The trigger will be configured to use the external trigger, the Tracker trigger and the CAL lo trigger. Muon data is captured for 4 hours. This test can be combined with SVAC muon data collection.

Trigger Window Test

Repeat 6.4.2.1, adjusting the trigger window width, to accommodate observed trigger system timing.

4.2.2 Data Handling Tests

The detailed test definitions listed below provide the definitions of the tests as run on the fully integrated LAT. VG and CR Data Runs for LAT Integration (LAT-DS-04136) defines the specific test cases that will be run in that configuration, and in addition, defines the specific test cases that will be run at various stages during integration. 

Baseline CR

This test captures cosmic ray data with the LAT at nominal temperature, voltage, timing, and thresholds, and standard data taking configuration
, and thus provides a baseline LAT response.

Condition Scan CR

This test captures cosmic ray data with variations in LAT operating parameters. Operating parameters that are varied TKR thresholds, and TKR readout configuration.  Each condition should be varied independently, while all other conditions are held at nominal.  

Baseline CR trigger sub-tests

This test captures cosmic ray data with variations in LAT trigger settings. All other settings are the same as the Baseline CR test. The trigger configurations that are tested are TKR alone and  CAL-low alone.  

Nominal-rate CR

This test captures cosmic ray data under nominal conditions with the addition of solicited-condition triggers to raise the rate. Set the triggers so the data system runs at 1 kHz, 5 kHz, 10 kHz, and 20 kHz. NOTE: The data system and EGSE
 can not write out all the events at these rates.  Therefore, a simple filter selection will be run on the EPUs, requiring a TKR, CAL-low or CAL-high trigger plus a pass-through of 1%-10% (TBR) prescaled computer-generated triggers.

Nominal-rate condition scan CR

Same as Condition Scan CR test, but with solicited trigger rates of 10kHz.

Baseline CR data volume sub-tests

The same as the Baseline CR, but switches off CAL digital zero suppression to exercise the system over all levels of data volume loading.  

Nominal-rate CR data volume sub-tests

The same as Nominal-rate CR test, but turn off CAL zero suppression to exercise the system at nominal rates over all levels of data volume loading.  Four-range readout should be configured to acquire CAL events with information on all four-range settings. Use only the 10kHz overlay rate.

VDG two-rate tests

Run the VDG to collect 1 million (TBR) events at mean trigger rates of 100 Hz and 1 kHz (rates TBR). This test can be accomplished using either the VDG alone or the low-rate VDG mixed with solicited condition triggers as described above. This test is to be performed only on the first single tower in the test grid.

SVAC Data Collection

The SVAC data collection covers charge injection data and muon data. This data is analyzed off line to characterize and calibrate the LAT. Muon data collection runs are to be preceded by the SVAC Charge injection tests defined below unless the configuration under test has been previously calibrated and that calibration has been determined to be valid.

4.2.3 SVAC Charge Injection Collection

The charge injection data collection events for the Tracker are:

· TE601 – Threshold calibrations (see 6.1.2.14)

· TE602 – TOT conversion parameter calibrations (see 6.1.2.15)

· TE604 – Threshold dispersion (see 6.1.2.17)

The charge injection data collection events for the Calorimeter are briefly summarized below. More details are available in CAL Electronic and Muon Calibration Suite Definition (LAT-MD-04187).

· Script CalibGen determines flight gains

· Script CALIBDAC determines thresholds with charge injection

· Script MUTRIG determines operational thresholds with muons

These scripts will be the basis for testing at the LAT level, but will be replaced by equivalent data collection and processing using flight software capabilities as the integration proceeds.

CalibGen

For each GCFE, the calibGen suite provides calibration of the electronic gain and integral nonlinearity of all four energy ranges. Data shall be taken in several configurations such that the distortion induced in the four energy ranges by the FLE and FHE discriminator firing may be measured and accounted for in subsequent energy calibrations. The suite shall be comprised of the following test procedures:

1. CALU_INIT:  Initialize the Calorimeter.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~10 MeV.

2. CALU_INIT:  Load FLE DAC settings table.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to maximum.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to ~10 MeV.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to maximum and Tack delay to allow trigger diagnostics.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine front-end integral non-linearity and noise with charge injection.  Muon gain.  Set FLE DACs to ~10 MeV and Tack delay to allow trigger diagnostics.  Pulse LE only.

CALF_COLLECT_CI_SINGLEX16:  Determine HE front-end integral non-linearity and noise with charge injection.  Muon gain.  Set calibration gain on.  Set FHE DACs to their maximum value.  Pulse HE only.

CALF_COLLECT_CI_SINGLEX16:  Determine HE front-end integral non-linearity and noise with charge injection.  Muon gain.  Set calibration gain off.  Set FLE and FHE DACs to maximum.  Pulse HE only.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~20 MeV

CalibDAC

For each GCFE, the calibDAC suite provides calibration of the relative electronic gain of all four energy ranges, the FLE and FHE discriminator settings, the LAC discriminator setting, and the range ULD settings.  The calibration is performed in the flight gain settings.  The suite is comprised of the following test procedures.

3. CALU_INIT:  Initialize the Calorimeter.

CALF_PEDESTALS_CI:  Compute pedestals.

CALU_INIT:  Redefine pedestal table.

CALF_GAIN_P01:  Calibrate electronic gains with charge injection.  Generate relgain table.

CALU_INIT:  Redefine relgain table.

CALF_TRG_P03:  Calibrate FLE and FHE DAC settings with charge injection.  Generate fle2adc and fhe2adc tables.

CALF_SUPP_P01:  Calibrate LAC DAC settings with charge injection.  Generate lac2adc table.

CALF_RNG_P01:  Calibrate ULD DAC settings with charge injection.  Generate uld2adc table.

muTrg

The goal of the muTrg suite is to calibrate the FLE DAC settings with muons.  The suite is comprised of the following test procedures.

4. CALU_INIT:  Initialize the Calorimeter.

CALF_TRG_P03:  Characterize the FLE DAC settings with charge injection (if required by WOA).

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~10 MeV.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.  Set FLE DACs to ~10 MeV.  Enable even columns of even rows and odd columns of odd rows.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.  Set FLE DACs to ~10 MeV.  Enable odd columns of even rows and even columns of odd rows.

genFLEsettings_ADC:  Generate FLE DAC settings corresponding to ~20 MeV.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.  Set FLE DACs to ~20 MeV.  Enable even columns of even rows and odd columns of odd rows.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.

CALU_INIT:  Load appropriate FLE DAC setting and trigger mask.  Set FLE DACs to ~20 MeV.  Enable odd columns of even rows and even columns of odd rows.

CALU_COLLECT_MU:  Collect muons under CAL self-triggered readout.

CALU_INIT:  Restore FLE DAC setting and trigger mask to initial values.

4.2.4 SVAC Muon Collection

The muon data collection settings and durations are defined in Van de Graaff (VG) and Cosmic Ray (CR) Data Runs for LAT Integration (LAT-DS-04136). These tests occur after the time settings and operational settings for the integrated tower have been determined. Note that some tracker tests (TE403 – Efficiency, Resolution and Alignment, and TE603 – MIP Calibration) are performed by analysis on this muon data rather than a separate data collection. 

System Interface Tests

The 96 primary and 96 redundant analog telemetry points from the LAT to the spacecraft shall be verified for resistance values and location.  A safe to mate shall be performed before system interfaces are mated.  The Baseline LAT Test verified proper mate of these interfaces.

LAT Level Test

LAT Level Test verifies the fully integrated LAT is not only functional as a scientific Instrument, but that it also meets all performance requirements across the entire regime of the space environments.  Each test case defined below is formulated to validate specific LAT functions, sell LAT Level IIb and/or Level III requirements, collect data to support the analysis necessary to sell LAT Level IIb and/or Level III requirements, or some combination of the above.  Note that because the ground test environment lacks the high energy gamma rays the LAT is meant to detect, much of Instrument level test consists of collecting Muon data and inferring LAT performance through analysis.

Each test case defined below provides the following information:

1) A brief description of the test

2) The test purpose

3) Required test resources

4) Any constraints or limitations to be considered during the execution of the test

5) The test objectives, including a cross-reference to requirements and/or functions that are to be verified or validated by the test 

6) Any parameters to be measured during the test

7) The success criteria

The Verification Cross Reference Matrix (VCRM), LAT-MD-07658, document reference [29], cross-references requirements sell-off to test case and method and the LAT Function and Function Validation Matrix (FVM), LAT-TD-07659, that describes the LAT functions , how they are to be validated, and by what test case(s) they will be validated.  Each test case makes reference to the Verification Plans (VPs) documented in the VCRM and the Function Validation Plans documented in the FVM.
A complete and thorough verification of the performance of the LAT in the space and launch environments specified in the LAT Environmental Specification, LAT-SS-00778, is required.  For this reason, the LAT Level Test is divided into several test phases that occur before, during, and after the Instrument is subjected to the specified environments.   The sequence of these tests, (see Figure 6‑1 below), is defined in detail by the document, LAT Environmental Test Sequence, LAT-MD-02717.  The sections below provide a brief description of each of these tests phases, in the order they occur while Table 6‑1 below identifies which test cases are to be performed in each test phase. Finally, note that the SVAC test cases (LAT701 through LAT852 inclusive) can be run and repeated at any time at the discretion of the Commissioner and Systems Engineering as time permits.

Table 6‑1
LAT Level Test Case Execution Matrix 
[image: image2.emf]SLAC

 Test Title

 Baseline LAT

 NRL Post-Ship

 Pre-Sine Vibe 

 Post X-Axis Vibe  Post Y-Axis Vibe

 Post Z-Axis Vibe

 Post Rad Install

 Pre- EMI/EMC

 EMI/EMC Test

 Post-EMI/EMC

 Pre-Acoustic

 Post-Acoustic

 Pre-TV

 Bake-out

 Hot Thermal Bal

 Hot Protoflight

 Hot to Cold 1

 Cold Survival

 Cold Protoflight

 Cold Thermal Bal

 Cold to Hot 1

 Hot Plateau 2

 Hot to Cold 2

 Cold Plateau 2

 Cold to Hot 2

 Hot Plateau 3

 Hot to Cold 3

 Cold Plateau 3

 Cold to Hot 3

 Hot Plateau 4

 Hot to Cold 4

 Cold Plateau 4

 Cold to Hot 4

 Final LAT

LAT Comprehensive Performance Test X X X X X X X X

LAT Limited Performance Test X X X X X X X X X X X X

LAT001 – LAT Config 1 Power On  1 1 2 2 2 2 X 2 X 2 2 2 1 X 1 X 1 X X 2 2 2 2 1 1 1

LAT002 – LAT Config 2 Power On  1 1 2 2 2 2 X 2 X 2 2 2 1 X 1 1 X 2 X 2 X 2 2 1 1 1

LAT003 – LAT Config 3 Power On  1 1 1 1 1 X 1 1 1

LAT004 – LAT Config 4 Power On  1 1 1 1 1 X 1 1 1

LAT005 – LAT Config 5 Power On  1 1 1 1 1 1 X 1 1

LAT006 – LAT Config 6 Power On  1 1 1 1 1 1 1 X 1

LAT007 – LAT Config 7 Power On  1 1 1 1 1 1 X 1 1

LAT008 – LAT Config 8 Power On  1 1 1 1 1 1 1 X 1

LAT009 – LAT Config 9 Power On  1 1 1 1 1 1 X 1 1

LAT011 – LAT Config 1 Power Off 1,13 1 2 2 2 2 X 2 X 2 2 2 1 X 1 X 1 X X 2 2 2 2 1 1 1

LAT012 – LAT Config 2 Power Off

1,13 1 2 2 2 2 X 2 X 2 2 2 1 X 1 1 X 2 X 2 X 2 2 1 1 1

LAT013 – LAT Config 3 Power Off 1,13 1 1 1 1 1 1 1

LAT014 – LAT Config 4 Power Off

1,13 1 1 1 1 1 1 1

LAT015 – LAT Config 5 Power Off

1,13 1 1 1 1 1 1 1

LAT016 – LAT Config 6 Power Off

1 1 1 1 1 1 1 1

LAT017 – LAT Config 7 Power Off

1 1 1 1 1 1 1 1

LAT018 – LAT Config 8 Power Off

1 1 1 1 1 1 1 1

LAT019 – LAT Config 9 Power Off

1 1 1 1 1 1 1 1

LAT021 – LAT Config 1 Reinitialization 1 1 1 1 1 1 1 1

LAT022 – LAT Config 2 Reinitialization 1 1 1 1 1 1 1 1

LAT023 – LAT Config 3 Reinitialization 1 1 1 1 1 1 1 1

LAT024 – LAT Config 4 Reinitialization 1 1 1 1 1 1 1 1

LAT026 – LAT Config 6 Reinitialization 1 1 1 1 1 1 1 1

LAT031 – LAT Config 1 Elect Power Subsys Perf 3

LAT041 – LAT Config 1 Estab B/L Science Ops Config X 10 10 10 10 10 X

LAT042 – LAT Config 2 Estab B/L Science Ops Config X 10 10 10 10 10 X

LAT051 – LAT Config 1 Register Test 12 12 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1

LAT052 – LAT Config 2 Register Test 12 12 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1

LAT061 – LAT Config 1 SIU/EPU H/W Funct 1 1 1 1 1 1 1 1

LAT062 – LAT Config 2 SIU/EPU H/W Funct 1 1 1 1 1 1 1 1

LAT071 – LAT Config 1 Energy Meas Calib X X X X X X X X

LAT121 – LAT Config 1 Science Modes X X

LAT122 – LAT Config 2 Science Modes X X

LAT131 – Config 1 LAT/Spacecraft I/F 1 1 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1,4

LAT132 – Config 2 LAT/Spacecraft I/F 1 1 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1

LAT133 – Config 3 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1

LAT134 – Config 4 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1

LAT135 – Config 5 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1

LAT141 – Config 1 LAT/Spacecraft I/F with the SIIS X

LAT151 – LAT Config 1 Ambient TCS Test 5 6 6 6

LAT152 – LAT Config 2 Ambient TCS Test 5 6 6 6

LAT161 – LAT Config 1 Ambient Survival Heater Test 7 7 7 7

LAT162 – LAT Config 2 Ambient Survival Heater Test 7 7 7 7

LAT171 – LAT Config 1 Cond & Rad Emissions X

LAT172 – LAT Config 2 Cond & Rad Emissions X

LAT181 – LAT Config 1 Cond & Rad Susceptibility X

LAT201 – LAT Config 1 Science Performance Diag 12 X

LAT202 – LAT Config 2 Science Performance Diag 12 X

LAT211 – LAT Config 1 Timing Measure & Adjust X X X X

LAT212 – LAT Config 2 Timing Measure & Adjust X X X X

LAT221 – LAT Config 1 Science Ops Demo 1 1 2 2 2 2 2 X 2 2 2 1 X 1 X 1 X X 2 2 2 2 1 1 1

LAT222 – LAT Config 2 Science Ops Demo 1 1 2 2 2 2 2 X 2 2 2 1 X 1 1 X 2 X 2 X 2 2 1 1 1

LAT223 – LAT Config 3 Science Ops Demo 1 1 1 1 1 X 1 1 1

LAT224 – LAT Config 4 Science Ops Demo 1 1 1 1 1 X 1 1 1

LAT225 – LAT Config 5 Science Ops Demo 1 1 1 1 1 1 X 1 1

LAT226 – LAT Config 6 Science Ops Demo 1 1 1 1 1 1 1 X 1

LAT231 – LAT Config 1 GRB Handling 1 1 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1

LAT232 – LAT Config 2 GRB Handling 1 1 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 1 1 1

LAT234 – LAT Config 4 GRB Handling 1 1 1 1 1 1 1 1

LAT235 – LAT Config 5 GRB Handling 1

1 1 1 1 1 1 1

LAT301 – LAT Config 1 ACD CPT 1,9 1 1 1 1 1 1 1

LAT302 – LAT Config 2 ACD CPT 1 1

LAT311 – LAT Config 1 ACD LPT   2 2 2 2 2 2 2 2 2 2 2 2

LAT312 – LAT Config 2 ACD LPT   2 2 2 2 2 2 2 2 8 8 8 2 2 2 2 8 8 8

LAT401 – LAT Config 1 Calorimeter CPT

1,9

1 1 1 1 1 1 1

LAT402 – LAT Config 2 Calorimeter CPT

1

1

LAT411 – LAT Config 1 Calorimeter LPT   2 2 2 2 2 2 2 2 2 2 2 2

LAT412 – LAT Config 2 Calorimeter LPT   2 2 2 2 2 2 2 2 8 8 8 2 2 2 2 8 8 8

LAT501 – LAT Config 1 Tracker CPT 1,9 1 1 1 1 1 1 1

LAT502 – LAT Config 2 Tracker CPT 1 1

LAT511 – LAT Config 1 Tracker LPT   2 2 2 2 2 2 2 2 2 2 2 2

LAT512 – LAT Config 2 Tracker LPT   2 2 2 2 2 2 2 2 8 8 8 2 2 2 2 8 8 8

LAT521 – LAT Light Tight Test X X

LAT651 – LAT Config 1 False Triggers X X

LAT661 – LAT Config 1 Data Transport Errors X X

LAT701 – LAT Config 1 SVAC Flight Config on Gnd X X X X X X X

LAT702 – LAT Config 2 SVAC Flight Config on Gnd X X X X X X X

LAT711 – LAT Config 1 SVAC Muon Calibrations X X X X X X X

LAT801 – LAT Config 1 SVAC Pwr Feed Min Voltage X X X X X

LAT811 – LAT Config 1 SVAC Pwr Feed Max Voltage X X X X X

LAT812 – LAT Config 2 SVAC Pwr Feed Max Voltage X X X X X

LAT821 – LAT Config 1 SVAC High Trigger Rate X X X X X

LAT831 – LAT Config 1 SVAC High Trig Rate Muon Gain X X X X X

LAT841 – LAT Config 1 SVAC High Trig Rate, Min Volt X X X X X

LAT851 – LAT Config 1 SVAC High Trig Rate, Max Volt X X X X X

LAT852 – LAT Config 2 SVAC High Trig Rate, Max Volt X X X X X

LAT901 – LAT Config 1 FSW File System Verification X

LAT902 – LAT Config 2 FSW File System Verification X

Notes:

1.  Test part of the LAT CPT.

2.  Test part of the LAT LPT.

3.  LAT03x is a one time test to measure differential impedance and current transients.

4.  Note deleted.

5.  LAT15x partial test.  Ambient test with only the TCS hardware present.

6.  Perform ambient version of LAT15x with all TCS hardware present.

7.  Perform ambient version of LAT16x.  Use a coolant to cool Survival Heater sensors and very thermostatically controlled heaters actuate.

8.  In the Baseline Test, Detector CPTs are run as part of the Config 2 LAT CPT.  For all remaining test phases, Detector LPTs are performed  during the Config 2 LAT CPT in lieu of the Detector CPTs.

9. The Detector CPTs will be repeated in Configuration 1 during the Baseline LAT Test after the Cross-LAT plate is installed.

10. LAT04x is run as required to load FSW Builds and Science Operations databases.  Test is only required in the LAT Baseline and LAT Final Tests.

11. Additional muon data runs executing test cases LAT701-LAT852 can be executed at any time at the discretion of the Commissioner and Systems Engineering.

12. Test is run at LAT Baseline or at the earliest opportunity  FSW is available to support the test.

13. LAT13x may be run in leiu of LAT01x in configurations 1-5.

NRL



Figure 6‑1
LAT Level Environmental Test Sequence

4.2.5 LAT Level Test Phases

Baseline LAT Test
The Baseline LAT Test (BLT) is the first Instrument level test performed on the fully integrated LAT.  The Baseline LAT Test is intended to be executed in Building 33 clean room located on the SLAC Campus, but a portion of the test may be completed post-ship at NRL.  The BLT consists of the execution of the test cases specified in Table 6‑1 above in the order determined by the test director and schedule.  The purpose of the Baseline LAT Test is four fold.  

First, all LAT functions are validated.  This is done primarily to show the FSW functions properly in the environment of the fully integrated LAT and can interface with all hardware.  A limited number of FSW functions are validated in an all redundant configuration to demonstrate there are no FSW/hardware interface issues with regard to redundant units.

Second, a Subsystem CPT is performed on all LAT Detector Subsystems in both the all primary and all redundant configurations to sell LAT and subsystem level requirements at the LAT Level.  Each Subsystem CPT will utilize the FSW provided tools to the maximum extent possible.   A Science Operations Demonstration is run in six cross-strapped configurations while power is applied in an additional 3 configurations to verify every copper path is functional and that no issues exist in unit to unit interfaces.  The trend data baseline for subsystem performance is also established.

Third, the LAT is characterized and calibrated.  A battery of tests is executed in both the all primary and redundant configurations to establish Instrument timing, calibrate the instrument, and determine the operational settings.   The trend data baseline for timing, calibration, and operational settings is established at Baseline LAT Test.

Finally, performance of the LAT as an integrated scientific instrument is proven using Muons.  In addition, the End-to-End (E2E) Test Committee recommendations are implemented.  Further, the SVAC tests are performed in order to collect data for later analysis and sell-off of a large number of Science Requirement Document requirements.

Prior to any electrical tests, the following requirements shall be verified as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

8) LVP114/LPS343 - Nitrogen Purge Access

Verification: I5

9) LVP194/LPS690 – LAT Grounding

Verification: T5
10) LVP198/LPS709 – LAT-SC C&DH Interface Circuitry Isolation

Verification: A5 
11) LVP204/LPS720 – LAT-SC Connector Restrictions 

Verification: D5

12) LVP207/LPS724 – LAT Internal Cable Access
Verification: D5
13) LVP208/LPS726 – LAT Ground Test Connector Access
Verification: D5
14) LVP384/LPS1138 – LAT-SC Harness Restraint and Routing

Verification: D5
15) LVP421/LPS1258 – LAT-SC Interface Resistance

Verification: T5

16) LVP450/LPS1309 – Discrete Monitor Signal Type

Verification: T5

17) LVP515/TDF3-189 – Science Data Interface Termination Resistance
Verification: T5

18) LVP534/TDF3-132 – Spacecraft Discrete Control Signal Termination
Verification: T5

19) LVP539/TDF3-126 – Spacecraft Discrete Monitor Signal - LVDS Standard
Verification: D5

20) LVP545/TDF3-189 – 1PPS Signal Termination
Verification: T5

NRL Post-Ship Test

The NRL Post-Ship test shall consist of the execution of the test cases deferred from the Baseline LAT Test and those test specified in Table 6‑1 above that are not redundant to any of the deferred tests.  Test cases may be performed in the order determined by the test director and schedule, following integration of the LAT on to the Vibe Table.  

Pre-Sine Vibe Test
The Pre-Sine Vibe Test (PSVT) shall consist of the execution of the test cases specified in Table 6‑1 above and performed in the order determined by the test director and schedule, following integration of the LAT on to the Vibe Table.  

Sine Vibe Test

The Sine Vibe Test shall be conducted as specified in the LAT Dynamics Test Plan, LAT-MD-01196, paragraph 8.  Following the completion of this test, structural data shall be analyzed to verify the requirements as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

21) LVP121/LPS363 - LAT First Mode Frequency

Verification: T5
22) LVP130/LPS393 - Sinusoidal Swept Vibration

Verification: T5
23) LVP342/MEC3-129 – LAT 1st Mode Frequency

Verification: T5
24) LVP346/MEC3-174 – Subsystem Collisions

Verification: A5
25) LVP350/MEC3-202 – Sine Vibe Performance

Verification: T5
26) LVP351/MEC3-217 – Random Vibe Performance

Verification: T5

27) LVP374/LPS1120 – LAT Dynamic Envelope

Verification: A5

28) LVP346/MEC3-174 – Subsystem Collisions (Inspection portion)

Verification: A5
29) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
Post Axis Sine Vibe Tests
The Post-Axis Sine Vibe Tests shall be conducted on the Vibe Table after each axis to verify LAT electrical performance was not adversely impacted by the Sine Vibe environment.  The  Post-Axis Sine Vibe Tests shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determine by the test director and schedule. Radiator Installation

Following the installation of the LAT Radiators, the following requirements shall be verified as specified below as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

30) LVP38/LPS351 – LAT Mechanical Envelope

Verification: T5
31) LVP118/LPS353 – LAT Stay Clear Zones

Verification: A5
32) LVP136/LPS415 – LAT Static Design Envelope

Verification: T5
33) LVP138/LPS423 – VCHP Stay Clear

Verification: T5
34) LVP140/LPS429 – LAT Radiator Positioning

Verification: T5
35) LVP141/LPS431 – LAT Radiator Mounting

Verification: T5
36) LVP339/MEC3-117 – Mechanical Systems Static Envelope

Verification: T5
37) LVP344/MEC3-172 – LAT Alignments

Verification: T5
38) LVP374/LPS1120 – LAT Dynamic Envelope

Verification: A5
39) LVP390/LPS1158 – SC Blanket Attachment to the LAT

Verification: I5 
Post Radiator Installation Test
The Post Radiator Installation Test shall consist of the execution of the test cases specified in Table 6‑1 above and performed in the order determined by the test director and schedule, following the integration of the radiators to the LAT.   During this test, for the entire Thermal Control Subsystem (TCS), perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; and 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW.   

EMI/EMC Tests

Following installation of the LAT in the anechoic chamber, the test cases specified in the Pre-EMI/EMC column of Table 6‑1 shall be performed prior to the state of EMI/EMC testing.  The EMI/EMC Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

During the EMI/EMC tests specified by the LAT Electromagnetic Interference (EMI) Test Plan, LAT-MD-02726, the following requirements shall be verified as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

40) LVP195/LPS692 – LAT EMI/EMC Requirements

Verification: T5
41) LVP264/ACD3-86 – ACD Environmental Requirements

Verification: T5 
42) LVP333/TDF3-84 – T&DF EMC Requirements

Verification: T5 
43) LVP364/MEC3-433 – TCS EMI Requirements

Verification: T5 
44) LVP490/LPS1459 – LAT EMC Requirements

Verification: T5 

45) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
Conducted Susceptibility/Conducted Emissions Test

The Conducted Susceptibility/Conducted Emissions Test shall consist of the execution of the test cases specified in Table 6‑1 above and in accordance with the LAT Electromagnetic Interference (EMI) Test Plan, LAT-MD-02726.  This test will be performed in the high bay or in the anechoic chamber as determined by the test director and schedule.

Pre-Radiated Susceptibility/Radiated Emissions Test

The Pre-EMI/EMC Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Radiated Susceptibility/Radiated Emissions Test

The Radiated Susceptibility/Radiated Emissions Test performed shall be as specified by Table 6‑1 above and in accordance with the LAT Electromagnetic Interference (EMI) Test Plan, LAT-MD-02726.  Test performed in the EMI/EMC Chamber.

Post EMI/EMC Test

The Post-EMI/EMC Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.
Pre-Acoustic Test
The Pre-Acoustic Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determine by the test director and schedule.
Acoustic Test

The Acoustic Test shall be conducted as specified in the LAT Dynamics Test Plan, LAT-MD-01196, paragraph 10 using the acoustic spectrum required by the LAT Environmental Specification, LAT-SS-00778.  

Following the performance of the Acoustic Test, the following requirements shall be verified as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

46) LVP126/LVP385 - LAT Acoustic Spectrum

Verification: T5
47) LVP346/MEC3-174 – Subsystem Collisions (Inspection portion)

Verification: A5
48) LVP430/MEC3-226 – Acoustic Performance

Verification: T5
49) LVP374/LPS1120 – LAT Dynamic Envelope

Verification: A5

50) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
Post-Acoustic Test
The Post-Acoustic Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determine by the test director and schedule.

Pre-Thermal Vacuum Test
The Pre-Thermal Vacuum Tests shall be conducted at ambient in the Thermal Vacuum and consist of the execution of the test cases specified in Table 6‑1 and performed in the order determine by the test director and schedule.

Thermal Vacuum Tests

The Thermal Vacuum Tests shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

The Thermal Vacuum Test shall be conducted as specified in the LAT Thermal Vacuum Test Plan, LAT-MD-01800 using the thermal vacuum profile required by the LAT Performance & Verification Plan, LAT-SS-00408, paragraph 7.5.2.  To verify the requirement LVP133/LPS408 (LAT MLI Blanket Provider) LAT Mechanical Systems shall verify by inspection that all LAT MLI blankets are installed properly.

Following the completion of TV, thermal test data shall be analyzed to verify the following requirements as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

51) LVP43/LPS88 – Thermal Load Heat Dissipation

Verification: T5

52) LVP44/LPS90 – Heat Load From Spacecraft

Verification: A5
53) LVP131/LPS397 – LAT Thermal System Design

Verification: T5

54) LVP132/LPS405 – LAT Thermal Isolation

Verification: A5

55) LVP133/LPS408 – LAT MLI Blanket Effective Provider

Verification: I5

56) LVP134/LPS410 – MLI Blanket Effective Emittance

Verification: A5

57) LVP135/LPS413 – LAT-SC Heat Exchange

Verification: A5

58) LVP142/LPS434 – LAT Radiator Mount Heat Flow

Verification: A5

59) LVP143/LPS466 – LAT Radiator Field of View

Verification: A5

60) LVP144/LPS468 – LAT Radiator IR Backload

Verification: A5

61) LVP145/LPS470 – LAT Radiator Direct Solar Loading

Verification: A5

62) LVP146/LPS472 – Thermal Environmental Parameters

Verification: I5
63) LVP150/LVP480 - LAT Thermal Test Requirements

Verification: A5

64) LVP172/LPS635 – Simultaneous Power on VCHP Feeds 

Verification: D5

65) LVP177/LPS654 – Operational Survival Heater Power Use 

Verification: T5

66) LVP178/LPS665 – Redundant Survival Heaters 

Verification: T5

67) LVP183/LPS662 – Survival Heater Continuous Power 

Verification: T5

68) LVP185/LPS671 – LAT Grid and VCHP Survival Heater, Orbit Average Power Consumption 

Verification: T5

69) LVP186/LPS673 – VCHP Reservoir Heater, Orbit Average Power Consumption 

Verification: T5

70) LVP187/LPS675 – LAT Grid and VCHP Survival Heater, Orbit Peak Power Consumption 

Verification: T5

71) LVP188/LPS677 – VCHP Reservoir Heater, Orbit Peak Power Consumption 

Verification: T5

72) LVP189/LPS679 – LAT Grid and VCHP Survival Heater Use 

Verification: T5

73) LVP190/LPS681 – Use of VCHP Reservoir Heater for Survival 

Verification: T5

74) LVP191/LPS683 – Survival Heater Power Control

Verification: T5

75) LVP192/LPS685 – LAT Grid and VCHP Feed Voltage 

Verification: T5

76) LVP264/ACD3-86 – ACD Environmental Requirements

Verification: T5
77) LVP352/MEC3-354 – Thermal Dissipation

Verification: T5

78) LVP353/MEC3-355 – Minimum Thermal Dissipation

Verification: A5 
79) LVP354/MEC3-357 – Peak Thermal Dissipation

Verification: T5 
80) LVP355/MEC3-361 – Thermal Leakage from Spacecraft

Verification: T5
81) LVP356/MEC3-363 – Detector Temperature Control

Verification: T5
82) LVP357/MEC3-364 – Detector Temperature Rate of Change Control

Verification: T5
83) LVP358/MEC3-365 – Radiator Interface Temperature Rate of Change Control

Verification: T5
84) LVP359/MEC3-366 – Survival Mode Temperature Control

Verification: T5
85) LVP360/MEC3-370 – Thermal Control in Survival, Cold, Nominal, and Hot

Verification: T5 

86) LVP361/MEC3-421 – Radiator Temperature Orbit Average Control

Verification: T5 

87) LVP362/MEC3-423 – MLI on External Surfaces

Verification: I5
88) LVP363/MEC3-424 – MLI Emissivity

Verification: A5 

89) LVP387LPS1145 – Thermal Environmental Parameters

Verification: T5

90) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
91) LVP561/LPS1481 – MLI Blanket Radiative Leakage

Verification: T5
Hot Thermal Balance Test
The Hot Thermal Balance Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot Protoflight Test

The Hot Protoflight Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot to Cold Transition 1 Test

The Hot to Cold Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Survival Test

The Cold Survival Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Thermal Balance Test
The Cold Thermal Balance Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Protoflight Test
The Cold Protoflight Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold to Hot Transition 1 Test
The Cold to Hot Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot Plateau 1 Test
The Hot Plateau 1 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot to Cold Transition 1 Test
The Hot to Cold Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Plateau 1 Test

The Cold Plateau 1 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold to Hot Transition 2 Test

The Cold to Hot Transition 2 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot Plateau 2 Test

The Hot Plateau 2 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot to Cold Transition 2 Test

The Hot to Cold Transition 2 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Plateau 2 Test

The Cold Plateau 2 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold to Hot Transition 3 Test

The Cold to Hot Transition 3 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot Plateau 3 Test

The Hot Plateau 3 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot to Cold Transition 3 Test

The Hot to Cold Transition 3 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Plateau 3 Test

The Cold Plateau 3 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold to Hot Transition 4 Test

The Cold to Hot Transition 4 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot Plateau 4 Test

The Hot Plateau 4 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Hot to Cold Transition 4 Test

The Hot to Cold Transition 4 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold Plateau 4 Test

The Cold Plateau 4 Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determined by the test director and schedule.

Cold to Ambient Transition

No testing is currently planned for this transition.  However, test cases may be executed when directed by the test director with the concurrence of the Commissioner and Systems Engineering.

Final LAT Test
The Final LAT Test shall consist of the execution of the test cases specified in Table 6‑1 and performed in the order determine by the test director and schedule.  Following the Final LAT test the LAT Radiator is removed in preparation for shipment of the LAT to Spectrum Astro.
LAT Mass and CG

Following the removal of the LAT Radiators, the following requirements shall be measured and verified as specified by the LAT Dynamics Test Plan, LAT-MD-01196, paragraph 11 and as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

92) LVP34/LPS357 – LAT Mass

Verification: T5
93) LVP35/LPS465 – LAT CG, X-Axis
Verification: T5
94) LVP36/LVP461 – LAT CG, Y-Axis
Verification: T5
95) LVP37/LPS463 – LAT CG X-Y Location, Z-Axis
Verification: A5
96) LVP120/LPS464 – LAT CG, Z-Axis
Verification: A5
LAT Level Test Cases

LAT Power On

Each of the LAT Power On tests cases takes the LAT from an off state and using SC discrete and SC-LAT 1553B commands, places the Instrument in one of the nine redundancy configurations.  Each redundancy configuration consists of the selection of LAT units (SIU, EPUs, PDU, GASU, et. al.) to be powered as shown by Table 6‑2 below.  The LAT Power On test cases will also verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC discrete and 1553B command capabilities, the Housekeeping telemetry function, the Diagnostic telemetry function, the Dwell telemetry function, and the proper operation of LAT internal command, telemetry, and power interfaces.  Command execution is verified via Housekeeping telemetry.

LAT001 – LAT Configuration 1 Power On

Purpose/Description:
LAT001 powers on the LAT in the all primary Configuration 1, as shown by Table 6‑2 below.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT041 – LAT Config 1 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 1.

Success Criteria:
LAT001-1 For each function specified in 6.7.2.1.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT001-2 For each requirement specified in 6.7.2.1.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT001-3 The SIU and EPUs each executes primary boot from SUROM without error in response to a power on command, passes the self test, checksum verifies the Boot code, initializes RAM, disables the Watchdog function, exhibits no errors in boot telemetry, and boots to the state in which the program image can be loaded from EEPROM.  Source – IN22 and TDF-F5.

LAT001-4 The SIU correctly reports its Boot Status to the Spacecraft on the Spacecraft Discrete Monitor Signal lines.  Source – IN2

LAT001-5 Following SIU primary boot the FSW provides SIU Boot Housekeeping telemetry at the 1553B interface in the expected packet order with the correct packet contents. Source – IN13

LAT001-6 All Spacecraft (VSC/SIIS) read LAT analog telemetry are in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT Power On. Source – IN3, LVP422, and LVP451.

LAT001-7 For all commands sent via the SC to SIU MIL-STD-1553B bus interface, verify using Normal Housekeeping telemetry that the action associated with the command is actually performed.  Source – IN4, LVP86 item 1, LVP87 item 1, LVP424 item 1, and LVP444 item 2.

LAT001-8 For all commands sent via the MIL-STD-1553B bus to the LAT, verify using Normal Housekeeping telemetry the FSW time tagged command execution notification and completion status is provided.  Source – IN6 

LAT001-9 The SIU and EPUs each execute secondary boot from EEPROM without error in response to a power on command.  Each flight processor must exhibit no errors in Normal Housekeeping telemetry, boot the Real Time Operating System, boot to Quiescent mode, and start and execute the Watchdog function.  Source – IN23, TDF-F1, TDF-F2, and TDF-F4.

LAT001-10 All Normal Housekeeping Telemetry packets are received on the SIU to SC MIL-STD-1553B bus interface in the expected order, at the expected interval, and with contents consistent with the LAT configuration and the current environmental conditions (i.e. ambient, Hot TV, etc.).  Source – IN11, LVP86 item 2, and LVP87 item 2, LVP424 item 2, and LVP444 item 1.

LAT001-11 Normal Housekeeping Telemetry packets contain environmental and health data sufficient to monitor the LAT’s health and contain data consistent with the LAT configuration and the current environmental conditions (i.e. ambient, Hot TV, etc.).  Source –LVP329 and LVP331.

LAT001-12 The FSW sends a time tagged notification when each command is issued for execution and completed.  Verify the accompanying command execution and completion status, that action associated with the command occurred, and that the associated telemetry is at expected values.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.  Source – IN5, IN6, and IN8.

LAT001-13 Each command to a LAT subsystem executes properly with the expected results verified in Housekeeping telemetry.  Source – IN9

LAT001-14 All Dwell Telemetry packets requested are received at the commanded interval in the Diagnostic stream and the telemetry contained in those packets is at values consistent with the LAT configuration and the current environmental conditions, (i.e. ambient, Hot TV, etc.).  Source – LVP95

LAT001-15 All Diagnostic Telemetry packets requested are received in the Diagnostic stream and that the telemetry contained in those packets is at values consistent with the LAT configuration and the current environmental conditions, (i.e. ambient, Hot TV, etc.).  Source – LVP96

LAT001-16 Throughout LAT Power On, Normal Housekeeping Telemetry indicates that all PDU collected telemetry points are reporting values consistent with the LAT configuration and the current environmental conditions, (i.e. ambient, Hot TV, etc.). Source – IN50

LAT001-17 Spacecraft Power is properly distributed internal to the LAT by verifying Spacecraft input voltages using LAT Analog telemetry and by the successful power on of SIU and PDU.  Source – IN55

LAT001-18 The Thermal Control Subsystem FSW is successful started by telecommand as verified using Normal Housekeeping telemetry.  Source – IN57

LAT001-19 The EPUs can be commanded on, as verified using Boot and Normal Housekeeping Telemetry, and that the EPU Prime DC/DC Converter can be selected to provide power to these units.  Source – PWR-F2, PWR-F3, TDF-F1, and TDF-F2.

LAT001-20 Following EPU-A primary boot the FSW provides EPU-A Boot Housekeeping telemetry at the 1553B interface in the expected packet order with the correct packet contents. Source – IN13

LAT001-21 Following EPU-B primary boot the FSW provides EPU-B Boot Housekeeping telemetry at the 1553B interface in the expected packet order with the correct packet contents. Source – IN13

LAT001-22 PDU provides power to the ACD, EPUs, GASU, and TEMs as verified using Normal Housekeeping telemetry to show that the units commanded on are powered properly and that the supply voltages and currents are within tolerance.  Source – IN51

LAT001-23 Throughout LAT Power On, all T&DF transported Normal Housekeeping subsystem telemetry data is reporting values consistent with the LAT configuration and the current environmental conditions, (i.e. ambient, Hot TV, etc.). Source – TDF-F6

LAT001-24 Throughout LAT Power On, all T&DF transported Normal Housekeeping subsystem commands are executed without error. Source – TDF-F7

LAT001-25 Each TEM can command on, modify the state of the registers in, and read Housekeeping Telemetry from its associated CAL and TKR.  Source – IN9, IN53, CAL-F1, CAL-F2, and TKR-F1.

LAT001-26 Each TPS distributes power to its associated CAL and TKR by verifying CAL and TKR voltages using Normal Housekeeping telemetry.  Source – IN54

LAT001-27 Each CAL GCRC, GCFE, and GCCC register and each TKR GTRC and GTFE register initialize to the correct power on state.  Source – CAL-F3, CAL-F6, CAL-F9, TKR-F2, and TKR-F5.

LAT001-28 GASU can select the ACD power supply and DC/DC Converter, command on the ACD, modify the state of the registers in, and read Housekeeping Telemetry from the ACD.  Source – IN9, ACD-F1, ACD-F2, PWR-F5, PWR-F6, PWR-F7, PWR-F8, TDF-F6, and TDF-F7.

Table 6‑2
LAT Redundancy Configurations
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LAT001-29 Each ACD GARC and GAFE initializes to the correct power on state.  Source – ACD-F3 and ACD-F6.

LAT001-30 The LAT measured average power consumption is less than 650 W over the 10-minute period following the time the LAT has been completely powered on.

LAT001-31 During TV Cold, the LAT measured peak power consumption is less than 650 W over the 10 minute period following the time the LAT has been completely powered on.

LAT001-32 LAT Power On completed successfully and therefore demonstrates the ability of the LAT to be checkout on-orbit, reconfigured for troubleshooting, commanded to a specific configuration, and to support integration and test.  Source – LVP45, LVP98, LVP235, and LVP378.

LAT001-33 No commands sent or telemetry packets received were rejected for an APID error. Source – LVP240.

LAT001-34 No data transport errors were encountered during the execution of LAT Power On. Source – LVP327

LAT001-35 The units of all command fields sent and telemetry data received are expressed in SI as noted by NPD 8010.2C with exceptions specified by LVP62.  Source – LVP61 and LVP62.

4.2.5.1.1.1 LAT001 – Functions Validated

The test case LAT001 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

97) IN2 – Spacecraft Discrete Telemetry

Observe the SIU Boot Status telemetry, as observed from the VSC simulated Primary SC C&DH Subsystem, behaves as expected during SIU Reboot.

98) IN3 – Spacecraft Monitored Passive Analog Telemetry

Use the VSC to collect each LAT Passive telemetry point and verify that the values received are as expected and consistent with the state of the LAT.

99) IN4 – LAT MIL-STD-1553B Command

Issue, from the VSC simulated SC C&DH Subsystem to SIU, a representative subset of each command type, verify each command executes properly using telemetry and by verifying the accompanying command verification status is as expected.

100) IN5 – LAT Command Processing and Routing

Issue a representative subset of each command type in a sequence, verifying the commands execute properly and in order, and verifying the accompanying command verification status and telemetry is as expected.  Issue at least 3 illegal commands and verify they are rejected by the FSW.

101) IN6 – Command Execution Notification & Completion Status

Issue a representative subset of each command type, verify the FSW sends a time tagged notification when each command is issued for execution and completed.  Verify the accompanying command execution and completion status and associated telemetry is as expected.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.

102) IN8 – Command Validation

Issue a representative subset of each command type, verifying the command executes properly, and verifying the accompanying command verification status and associated telemetry is as expected.  

103) IN9 – Subsystem Commanding

Issue each type of subsystem command, verifying the command executes properly, and verify the accompanying command verification status/telemetry is as expected.

104) IN11 – Normal Housekeeping Telemetry

Verify the telemetry contents, frequency, and order of receipt for each housekeeping packet is as expected.  

105) IN13 – Boot Housekeeping Telemetry

During the boot of SIU and each EPU, verify the Boot Housekeeping telemetry contents, frequency, and order of receipt for each packet is as expected.

106) IN22 – Flight Processor Primary Boot

Once each test phase and at Hot and Cold, verify that SIU and each EPU, performs Primary Boot from SUROM, passes the self test, checksum verifies the Boot code, initializes RAM, disables the Watchdog function, exhibits no errors in boot telemetry, and boots to the state in which the program image can be loaded from EEPROM.  Ground command of the LAT to place the boot error log in housekeeping will be performed for the 1st boot of any flight processor at the LAT Level and if any errors are detected in Boot telemetry.

107) IN23 – Flight Processor Secondary Boot

Once each test phase and at Hot and Cold, verify that SIU and each EPU, can perform Secondary Boot from RAM and EEPROM on ground command.  The flight processor must exhibit no errors in Normal Housekeeping telemetry, boot to Quiescent mode, and the Watchdog function must be running normally.  

108) IN50 – PDU Telemetry Collection

During the test case LAT Power On, verify in Housekeeping Telemetry that all PDU-A collected telemetry points are reporting expected values.

109) IN51 – PDU Power Distribution

During the test case LAT Power On, command the PDU to power on the ACD, EPUs, GASUs, and TEMs as specified in the configuration by Table 6‑2 above.  Verify by telemetry that the units commanded on is powered properly, that the supply voltages and currents are within tolerance, and that the current draw on the DAQ feed is consistent with the units powered.

110) IN53 – TEM Functions

During the test case LAT Power On, command the CAL and Tracker via the TEM.  Verify by telemetry that each command sent produces the expected results in telemetry.  Verify that all CAL and Tracker register and voltage monitor telemetry behaves as expected.

111) IN54 – TPS Power Distribution

During the test case LAT Power On, command the TPS to power on the CAL and Tracker.  Verify by telemetry that each unit commanded on is powered properly and that the supply voltages and currents are within tolerance.

112) IN55 – Spacecraft Power Distribution

Verify the DC power paths to each LAT unit by powering on and initializing the Instrument in the selected redundancy Configuration specified in Table 6‑2 above.  Verify, via telemetry that each unit powered is on, operational, the voltages and currents are as expected when the feeds specified are energized with 28VDC.

113) IN57 – Operational Thermal Control

Verify the FSW TCS algorithm can be enabled.

114) ACD-F1 – ACD Housekeeping Telemetry

During the test case LAT Power On, verify that all ACD Housekeeping Telemetry can be collected and the reported values are correct and consistent with the ACD configuration.

115) ACD-F2 – ACD FREE Card On/Off

During the test case LAT Power On, demonstrate each FREE Card can be powered on and verify the card is on via Housekeeping Telemetry.

116) ACD-F3 – ACD GARC Register Post Reset State

During the test case LAT Power On, validate that each GARC Register resets to its correct state via Housekeeping Telemetry.

117) ACD-F6 – ACD GAFE Register Post Reset State

During the test case LAT Power On, validate that each GAFE Register resets to its correct state via Housekeeping Telemetry.

118) CAL-F1 – CAL Housekeeping Telemetry

During the test case LAT Power On, verify that all CAL Housekeeping Telemetry can be collected and the reported values are correct and consistent with the CAL configuration.

119) CAL-F2 – CAL AFEE Card On/Off

During the test case LAT Power On, demonstrate each AFEE Card can be powered on and verify the card is on via Housekeeping Telemetry.

120) CAL-F3 – CAL GCRC Register Post Reset State

During the test case LAT Power On, validate that each GCRC Register resets to its correct state via Housekeeping Telemetry.

121) CAL-F6 – CAL GCFE Register Post Reset State

During the test case LAT Power On, validate that each GCFE Register resets to its correct state via Housekeeping Telemetry.

122) CAL-F9 – CAL GCCC Register Post Reset State

During the test case LAT Power On, validate that each GCCC Register resets to its correct state via Housekeeping Telemetry.

123) PWR-F1 – SIU A On/Off Control

During the test case LAT Power On, demonstrate SIU-A can be powered on and verify it is on via Housekeeping Telemetry.

124) PWR-F2 – EPU 0/1 On/Off Control

During the test case LAT Power On, demonstrate EPU-0 and EPU-1 can be powered on and verify it is on via Housekeeping Telemetry.

125) PWR-F3 – EPU Prime DC/DC Converter Select

During the test case LAT Power On, verify via Housekeeping Telemetry the EPU Prime DC/DC Converter can be selected and powered on by command.

126) PWR-F4 – PDU-A TEM 28 V Supply On/Off Control

During the test case LAT Power On, verify via Housekeeping Telemetry the PDU-A TEM 28 V Supply can be commanded On.

127) PWR-F5 – ACD 28 V Supply On/Off Control

During the test case LAT Power On, verify via Housekeeping Telemetry the ACD 28 V Supply can be commanded On.

128) PWR-F6 – ACD Prime Power Supply Select

During the test case LAT Power On, verify via Housekeeping Telemetry the ACD Prime Power Supply can be selected and powered on by command.

129) PWR-F7 – ACD Prime DC/DC Converter Select

During the test case LAT Power On, verify via Housekeeping Telemetry the ACD Prime DC/DC Converter can be selected and powered on by command.

130) PWR-F8 – AEM FREE Card On/Off Control

During the test case LAT Power On, verify via Housekeeping Telemetry that each AEM FREE Card can be commanded On.

131) PWR-F9 – PDU-A On/Off Control

During the test case LAT Power On, verify via Housekeeping Telemetry that PDU-A can be commanded On.

132) PWR-F10 – PDU-A Power Sequencing

During the test case LAT Power On, verify via Housekeeping Telemetry that PDU-A sequences the power of all units powered by the PDU as expected.

133) PWR-F11 – GASU-A On/Off Control

During the test case LAT Power On, verify via Housekeeping Telemetry that GASU-A can be commanded On.

134) TDF-F1 – T&DF Housekeeping Telemetry

During the test case LAT Power On, verify that all T&DF Housekeeping Telemetry can be collected and the reported values are correct and consistent with the commanded T&DF configuration.

135) TDF-F2 – T&DF Command

During the test case LAT Power On, verify via Housekeeping Telemetry that all commands issued to the T&DF are properly executed.

136) TDF-F4 – Real Time Operating System Initialization

During the test case LAT Power On, via Housekeeping Telemetry verify that T&DF supports initialization of FSW’s Real Time Operating System.

137) TDF-F5 – SIU/EPU Built-In Self Test

During the test case LAT Power On, verify using Boot Housekeeping Telemetry that during boot of SIU-A, EPU-0, and EPU-1 that the Built-In Self Test runs and passes without error.

138) TDF-F6 – LAT Subsystem Telemetry

During the test case LAT Power On, via Housekeeping Telemetry verify that the T&DF supports the accurate and on-time read of all LAT Subsystem telemetry.

139) TDF-F7 – LAT Subsystem Commanding

During the test case LAT Power On, via Housekeeping Telemetry verify that the T&DF accurately delivers all commands to the LAT Subsystems without error.

140) TKR-F1 – TKR Housekeeping Telemetry

During the test case LAT Power On, verify that all TKR Housekeeping Telemetry can be collected and the reported values are correct and consistent with the TKR configuration.

141) TKR-F2 – TKR GTRC Register Post Reset State

During the test case LAT Power On, validate that each GTRC Register resets to its correct state via Housekeeping Telemetry.

142) TKR-F5 – TKR GTFE Register Post Reset State

During the test case LAT Power On, validate that each GTFE Register resets to its correct state via Housekeeping Telemetry.

4.2.5.1.1.2 LAT001 – Requirement Verification

The test case LAT001 shall perform, in Configuration 1, the tests specified below which verify the following requirements.  Note for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

143) LVP40/LPS487 – LAT Average Power Consumed

Verification: T5 
144) LVP41/LPS493 – LAT Peak Power 

Verification: T5

145) LVP45/LPS587 – LAT In-Orbit Checkout 

Verification: D5

146) LVP61/LPS249 – Units of Measurement 

Verification: I5

147) LVP62/LPS251 – Units of Measurement Exceptions

Verification: I5 

148) LVP86/LPS570 – LAT-SC Command, Telemetry, and Data Bus (CTDB) 

Verification: D5

149) LVP87/LPS272 – LAT-SC CTDB Data Format 

Verification: D5

150) LVP95/LPS574 – Dwell Telemetry 

Verification: T5

151) LVP96/LPS576 – Diagnostic Telemetry 

Verification: T5

152) LVP98/LPS542 – Reconfiguration for Troubleshooting

Verification: D5
153) LVP220/LPS766 – Analog Signal Sample Rate

Verification: T5

154) LVP235/LPS805 – LAT Commanded Configuration

Verification: D5

155) LVP240/LPS816 – APID Definitions

Verification: T5

156) LVP311/TDF3-36 – LAT Spacecraft Command Interface

Verification: D5
157) LVP312/TDF3-38 – Command Handling
Verification: D5
158) LVP329/TDF3-76 – Environmental Data Readout

Verification: T5
159) LVP331/TDF3-80 – Health Data Readout

Verification: T5
160) LVP337/TDF3-96 – Average Power Constraint

Verification: T5
161) LVP378/TDF3-104 – TD&F Integration and Test Support

Verification: D5
162) LVP422/LPS1262 – LAT Analog Signal Redundancy

Verification: T5 
163) LVP424/LPS1265 – C&DH Redundant Interfaces

Verification: D5
164) LVP444/LPS1294 – LAT/SC MIL-STD-1553B Interface

Verification: D5
165) LVP451/LPS1311 – Passive Analog Telemetry

Verification: D5
LAT002 – LAT Configuration 2 Power On

Purpose/Description:
LAT002 powers on the LAT in the all redundant Configuration 2, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT042 – LAT Config 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 2.

Success Criteria:
The success criteria for LAT002 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.1.3 LAT002 – Functions Validated

Unless otherwise noted below, the test case LAT002 shall perform, in Configuration 2, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.4 LAT002 – Requirement Verification

Unless otherwise noted below, the test case LAT002 shall perform, in Configuration 2, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT003 – LAT Configuration 3 Power On

Purpose/Description:
LAT003 powers on the LAT in the cross-strapped Configuration 3, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT041 – LAT Config 1 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 3.

Success Criteria:
The success criteria for LAT003 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.
4.2.5.1.1.5 LAT003 – Functions Validated

Unless otherwise noted below, the test case LAT003 shall perform, in Configuration 3, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.6 LAT003 – Requirement Verification

Unless otherwise noted below, the test case LAT003 shall perform, in Configuration 3, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT004 – LAT Configuration 4 Power On

Purpose/Description:
LAT004 powers on the LAT in the cross-strapped Configuration 4, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT042 – LAT Config 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 4..

Success Criteria:
The success criteria for LAT004 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4.
4.2.5.1.1.7 LAT004 – Functions Validated

Unless otherwise noted below, the test case LAT004 shall perform, in Configuration 4, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions..  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.8 LAT004 – Requirement Verification

Unless otherwise noted below, the test case LAT004 shall perform, in Configuration 4, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT005 – LAT Configuration 5 Power On

Purpose/Description:
LAT005 powers on the LAT in the cross-strapped Configuration 5, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT042 – LAT Config 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 5.

Success Criteria:
The success criteria for LAT005 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 5.

4.2.5.1.1.9 LAT005 – Functions Validated

Unless otherwise noted below, the test case LAT005 shall perform, in Configuration 5, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.10 LAT005 – Requirement Verification

Unless otherwise noted below, the test case LAT005 shall perform, in Configuration 5, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT006 – LAT Configuration 6 Power On

Purpose/Description:
LAT006 powers on the LAT in the cross-strapped Configuration 6, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT042 – LAT Config 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 6.

Success Criteria:
The success criteria for LAT006 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 6.

4.2.5.1.1.11 LAT006 – Functions Validated

Unless otherwise noted below, the test case LAT006 shall perform, in Configuration 6, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.12 LAT006 – Requirement Verification

Unless otherwise noted below, the test case LAT006 shall perform, in Configuration 6, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT007 – LAT Configuration 7 Power On

Purpose/Description:
LAT007 powers on the LAT in the cross-strapped Configuration 7, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT041 LAT042 – LAT Config 1 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 7.

Success Criteria:
The success criteria for LAT007 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 7.

4.2.5.1.1.13 LAT007 – Functions Validated

Unless otherwise noted below, the test case LAT007 shall perform, in Configuration 7, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.14 LAT007 – Requirement Verification

Unless otherwise noted below, the test case LAT007 shall perform, in Configuration 7, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT008 – LAT Configuration 8 Power On

Purpose/Description:
LAT008 powers on the LAT in the cross-strapped Configuration 8, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT041 LAT042 – LAT Config 1 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 8.

Success Criteria:
The success criteria for LAT008 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 8.

4.2.5.1.1.15 LAT008 – Functions Validated

Unless otherwise noted below, the test case LAT008 shall perform, in Configuration 8, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.16 LAT008 – Requirement Verification

Unless otherwise noted below, the test case LAT008 shall perform, in Configuration 8, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT009 – LAT Configuration 9 Power On

Purpose/Description:
LAT009 powers on the LAT in the cross-strapped Configuration 9, as shown by Table 6‑2 above.   The FSW, the GASU, and the detectors are all initialized to their default configurations by the completion of this test case.  If the test case LAT041 LAT042 – LAT Config 1 2 Baseline Science Operations Configuration has been run, the Instrument will be in a valid ground science collection state.  In addition, successful completion of this test will verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC Discrete and 1553 command capabilities, the SC Discrete, Analog, and Housekeeping telemetry functions, and the proper operation of LAT internal command, telemetry, and power interfaces in Configuration 9.

Success Criteria:
The success criteria for LAT009 are identical to those specified for LAT001 and described in 6.7.2.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 9.

4.2.5.1.1.17 LAT009 – Functions Validated

Unless otherwise noted below, the test case LAT009 shall perform, in Configuration 9, the tests indicated in 6.7.2.1.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.18 LAT009 – Requirement Verification

Unless otherwise noted below, the test case LAT009 shall perform, in Configuration 9, the tests indicated in 6.7.2.1.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07659.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT Power-Off

Each of the LAT Power-Off Tests Cases takes the LAT from an on and operational state and places it in a safe off configuration where all power is removed from the Instrument.  Power down is performed from each of the nine redundancy configuration shown by Table 6-1 above.  During each step of power down verification of the off state of each unit will be verified with Housekeeping Telemetry.  Note that LAT13x may be run in lieu of LAT01x in Configurations 1-5 as indicated by Table 6-1 and at the discretion of the test director.
LAT011 – LAT Configuration 1 Power-Off

Purpose/Description:
LAT011 removes power from the LAT when starting from the all-primary Configuration 1.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
LAT011-1 For each function specified in 6.7.2.2.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT011-2 For each requirement specified in 6.7.2.2.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT011-3 All Spacecraft (VSC/SIIS) read LAT analog telemetry are in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT Power Off. Source – IN3

LAT011-4 For all commands sent via the SC to SIU MIL-STD-1553B bus interface, verify using Normal Housekeeping telemetry that the action associated with the command is actually performed.  Source – IN4

LAT011-5 Each command to a LAT subsystem executes properly with the expected results verified in Housekeeping telemetry.  Source – IN9

LAT011-6 All Normal Housekeeping Telemetry packets are received on the SIU to SC MIL-STD-1553B bus interface in the expected order, at the expected interval, and with contents consistent with the LAT configuration and the current environmental conditions (i.e. ambient, Hot TV, etc.).  Source – IN11.

LAT011-7 Throughout LAT Power Off, Normal Housekeeping Telemetry indicates that all PDU collected telemetry points are reporting values consistent with the LAT configuration and the current environmental conditions, (i.e. ambient, Hot TV, etc.). Source – IN50

LAT011-8 PDU provides power to the ACD, EPUs, GASU, and TEMs as verified using Normal Housekeeping telemetry to show that the units commanded on are powered properly and that the supply voltages and currents are within tolerance.  Source – IN51

LAT011-9 Each TPS distributes power to its associated CAL and TKR by verifying CAL and TKR voltages using Normal Housekeeping telemetry.  Source – IN54

LAT011-10 Spacecraft Power can be removed from the LAT by verifying Spacecraft input voltages using LAT Analog telemetry and by the successful power off of the SIU and PDU.  Source – IN55
4.2.5.1.1.19 LAT011 – Functions Validated

The test case LAT011 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

166) IN3 – Spacecraft Monitored Passive Analog Telemetry

Use the VSC to collect each LAT Passive telemetry point and verify that the values received are as expected and consistent with the state of the LAT in each step of the power off sequence.

167) IN4 – LAT MIL-STD-1553B Command

Demonstrate, from the VSC simulated Primary SC C&DH Subsystem to SIU that the LAT can be powered off via the MIL-STD-1553B bus.

168) IN9 – Subsystem Commanding

Show that each subsystem can be powered off into a safe state.

169) IN11 – Housekeeping Telemetry

Verify the telemetry contents, frequency, and order of receipt for each housekeeping monitor is as expected at each stage of power down.  

170) IN50 – PDU Telemetry Collection

During LAT Power Off, verify in Housekeeping Telemetry that all PDU collected telemetry points are reporting expected values at each stage of power down.

171) IN51 – PDU Power Distribution

During LAT Power Off, command PDU to power off the ACD, EPUs, GASUs, and TEMs.  Verify by telemetry that the units commanded off are in a safe state and that the supply voltages and currents are within tolerance of the expected off values.

172) IN53 – TEM Functions

During LAT Power Off, command the CAL and Tracker off via the TEM.  Verify by telemetry that each command sent produces the expected results in telemetry.  Verify that all CAL and Tracker register and voltage monitor telemetry behaves as expected.

173) IN54 – TPS Power Distribution

During LAT Power Off, command the TPS to power off the CAL and Tracker.  Verify by telemetry that each unit commanded off are in a safe state and that the supply voltages and currents are within tolerance of the expected off values.

174) IN55 – Spacecraft Power Distribution

Verify the Spacecraft DC power can be removed from each LAT unit by powering off the Instrument from the selected redundancy Configuration specified in Table 6‑2 above.  Verify, via telemetry that each unit is powered off using voltage and current telemetry.

4.2.5.1.1.20 LAT011 – Requirement Verification

None.
LAT012 – LAT Configuration 2 Power-Off

Purpose/Description:
LAT012 removes power from the LAT when starting from the all-redundant Configuration 2.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT012 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.1.21 LAT012 – Functions Validated

Unless otherwise noted below, the test case LAT012 shall perform, in Configuration 2, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.22 LAT012 – Requirement Verification

None.

LAT013 – LAT Configuration 3 Power-Off

Purpose/Description:
LAT013 removes power from the LAT when starting from redundancy Configuration 3.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT013 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.

4.2.5.1.1.23 LAT013 – Functions Validated

Unless otherwise noted below, the test case LAT013 shall perform, in Configuration 3, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.24 LAT013 – Requirement Verification

None.

LAT014 – LAT Configuration 4 Power-Off

Purpose/Description:
LAT014 removes power from the LAT when starting from redundancy Configuration 4.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT014 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4.

4.2.5.1.1.25 LAT014 – Functions Validated

Unless otherwise noted below, the test case LAT014 shall perform, in Configuration 4, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.26 LAT014 – Requirement Verification

None.

LAT015 – LAT Configuration 5 Power-Off

Purpose/Description:
LAT015 removes power from the LAT when starting from redundancy Configuration 5.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT013 are identical to those specified for LAT015 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 5.

4.2.5.1.1.27 LAT015 – Function Validation

Unless otherwise noted below, the test case LAT015 shall perform, in Configuration 5, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.28 LAT015 – Requirement Verification

None.

LAT016 – LAT Configuration 6 Power-Off

Purpose/Description:
LAT016 removes power from the LAT when starting from redundancy Configuration 6.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT016 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 6.
4.2.5.1.1.29 LAT016 – Function Validation

Unless otherwise noted below, the test case LAT016 shall perform, in Configuration 6, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.30 LAT016 – Requirement Verification

None.

LAT017 – LAT Configuration 7 Power-Off

Purpose/Description:
LAT017 removes power from the LAT when starting from redundancy Configuration 7.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT017 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 7.

4.2.5.1.1.31 LAT017 – Function Validation

Unless otherwise noted below, the test case LAT017 shall perform, in Configuration 7, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.32 LAT017 – Requirement Verification

None.

LAT018 – LAT Configuration 8 Power-Off

Purpose/Description:
LAT018 removes power from the LAT when starting from redundancy Configuration 8.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT018 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 8.

4.2.5.1.1.33 LAT018 – Function Validation

Unless otherwise noted below, the test case LAT018 shall perform, in Configuration 8, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.34 LAT018 – Requirement Verification

None.

LAT019 – LAT Configuration 9 Power-Off

Purpose/Description:
LAT019 removes power from the LAT when starting from redundancy Configuration 9.  The sequence powers down the LAT in a safe and orderly fashion and then places the Instrument in a safe off state with all power sources disconnected.   During each step of power down verification of the off state of each unit is verified with Housekeeping Telemetry.

Success Criteria:
The success criteria for LAT019 are identical to those specified for LAT011 and described in 6.7.2.2.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 9.

4.2.5.1.1.35 LAT019 – Function Validation

Unless otherwise noted below, the test case LAT019 shall perform, in Configuration 9, the tests indicated in 6.7.2.2.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.1.36 LAT019 – Requirement Verification

None.

LAT Reinitialization

The LAT Reinitialization test case is run to verify, over the course of LAT environmental testing, that the SIU and EPU boot memory, primary boot, secondary boot, reinitialization, shutdown, and watchdog related hardware devices remain fully functional.  In addition, verification of the Boot Housekeeping and Boot Diagnostic telemetry functions will be performed. These test cases will verify the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

175) Orderly shutdown

176) SIU and EPU Boot memory dump

177) Reboot of the SIU and EPU on receipt of the SIU_RESET from the SC

178) Watchdog reinitialization of the SIU

179) SIU Watchdog reinitialization of the EPUs

4.2.5.1.2 LAT021 - LAT Configuration 1 Reinitialization

Purpose/Description:
LAT021 verifies, in Configuration 1, the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

180) Orderly shutdown

181) SIU and EPU Boot memory dump

182) Reboot of the SIU and EPUs on receipt of the SIU_RESET from the SC

183) Watchdog reinitialization of the SIU

184) SIU Watchdog reinitialization of the EPUs

Success Criteria:
LAT021-1 Each required run of the test case LAT021 will be deemed successfully completed when the following criteria are met:

LAT021-2 For each function specified in 6.7.2.3.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering.

LAT021-3 For each requirement specified in 6.7.2.3.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT021-4 A multi-block memory dump of SIU SUROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of SUROM.

LAT021-5 A multi-block memory dump of SIU EEPROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of EEPROM.

LAT021-6 A multi-block memory dump of SIU RAM Disk was successfully performed and the contents received in the Boot Housekeeping telemetry stream are identical in content and composition to those burned into the dumped are of RAM Disk. 

LAT021-7 A multi-block memory dump of EPU-A SUROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of SUROM.

LAT021-8 A multi-block memory dump of EPU-A EEPROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of EEPROM.

LAT021-9 A multi-block memory dump of EPU-A RAM Disk was successfully performed and the contents received in the Boot Housekeeping telemetry stream are identical in content and composition to those burned into the dumped are of RAM Disk. 

LAT021-10 A multi-block memory dump of EPU-B SUROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of SUROM.

LAT021-11 A multi-block memory dump of EPU-B EEPROM was successfully performed and the contents received in the Boot Housekeeping telemetry stream in the order requested and are identical in content and composition to those burned into the dumped area of EEPROM.

LAT021-12 A multi-block memory dump of EPU-B RAM Disk was successfully performed and the contents received in the Boot Housekeeping telemetry stream are identical in content and composition to those burned into the dumped are of RAM Disk. 

LAT021-13 SIU FSW automatically performs and successfully completes a RAD750 RAM scrub and processor self-test during primary boot.  Further, no memory or processor self-test errors are indicated in the memory dump of the SIU RAM Scrub and CPU Self Test Log file.

LAT021-14 EPU-A FSW automatically performs and successfully completes a RAD750 RAM scrub and processor self-test during primary boot.  Further, no memory or processor self-test errors are indicated in the memory dump of the EPU-A RAM Scrub and CPU Self Test Log file.

LAT021-15 EPU-B FSW automatically performs and successfully completes a RAD750 RAM scrub and processor self-test during primary boot.  Further, no memory or processor self-test errors are indicated in the memory dump of the EPU-B RAM Scrub and CPU Self Test Log file.

LAT021-16 SIU Watchdog is automatically disabled for a minimum of 5 minutes during SIU primary boot to ensure it does not force a second primary boot during SIU initialization.

LAT021-17 EPU-A Watchdog is automatically disabled for a minimum of 5 minutes during primary boot to ensure it does not force a second primary boot during initialization.

LAT021-18 EPU-B Watchdog is automatically disabled for a minimum of 5 minutes during primary boot to ensure it does not force a second primary boot during initialization.

LAT021-19 SIU is automatically reboot when a Watchdog timeout is induced.

LAT021-20 EPU-A is automatically reboot when a Watchdog timeout is induced.

LAT021-21 EPU-B is automatically reboot when a Watchdog timeout is induced.

4.2.5.1.2.1 LAT021 – Functions Validated

The test case LAT021 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

185) IN1 – Spacecraft Discrete Command 

Demonstrate, one time, that SIUA: a) Performs Primary Boot following receipt of the appropriate SC discrete command from the VSC simulated  SC C&DH Subsystem; and b) Resets as a result of issuing the appropriate SC discrete command from the VSC simulated SC C&DH Subsystem.

186) IN2 – Spacecraft Discrete Telemetry

Observe the SIU Boot Status telemetry, as observed from the VSC simulated SC C&DH Subsystem, behaves as expected during SIU Reboot.

187) IN21 – Memory Dump

Dump and verify the correct contents of SUROM, EEPROM, and RAM Disk from each processor (prime and redundant).  Dumps must include an area of memory less then one block, exactly one block, and of at least 5 contiguous blocks of active memory.   Dumps must be shown not to effect processor normal operations.

188) IN22 – Flight Processor Primary Boot

Once each test phase and at Hot and Cold, verify that SIU and each EPU, performs Primary Boot from SUROM, passes the self test, checksum verifies the Boot code, initializes RAM, disables the Watchdog function, exhibits no errors in boot telemetry, and boots to the state in which the program image can be loaded from EEPROM.  Ground command of the LAT to place the boot error log in housekeeping will be performed and an NCR written if any errors are detected in the log or in Boot telemetry.

189) IN23 – Flight Processor Secondary Boot

Once each test phase and at Hot and Cold, verify that SIU and each EPU, can perform Secondary Boot from RAM and EEPROM on ground command.  The flight processor must exhibit no errors in Normal Housekeeping telemetry, boot to Quiescent mode, and the Watchdog function must be running normally.  

190) IN24 – SIU/EPU Reset/Reboot

At least once each test phase and at Hot and Cold, verify that each SIU and EPU, can be commanded to perform a primary Boot by ground command.  Similarly, induce a Watchdog timeout at least once per test phase and at Hot and Cold and verify that the SIU executes primary Boot as expected.  The flight processors must exhibit no errors and boot as described by function IN21.  Command of the LAT to place the boot error log in housekeeping telemetry only need be performed if errors are detected in Boot telemetry..  

191) IN25 – SEU/Memory Protection

Verify by observing telemetry throughout LAT Level tests and by dumping the Memory Scrub log file that EDAC and SEU functions are working correctly.  

192) IN26 – SIU Watchdog
At least once each test phase and at Hot and Cold, verify that each SIUs hardware Watchdog circuit is working correctly.  Induce a Watchdog timeout and verify that the SIU executes primary Boot as expected.  The SIU must exhibit no errors and boot as described by function IN21.  Command of the LAT to place the boot error log in housekeeping telemetry only need be performed if errors are detected in Boot telemetry.  

4.2.5.1.2.2 LAT021 – Requirement Verification

The test case LAT021 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

193) LVP94/LPS571 – Memory Dumps

Verification: T5

194) LVP222/LPS770 – Discrete Control Signals

Verification: T5

195) LVP223/LPS773 – Discrete Monitor Signals

Verification: T5

196) LVP532/TDF3-122 – Spacecraft Discrete Control Signals – LVDS Standard

Verification: D5

197) LVP533/TDF3-130 – Spacecraft Discrete Control Signals Types

Verification: D5

198) LVP535/TDF3-134 – Spacecraft Discrete Control Level Signal Logic 

Verification: D5

199) LVP536/TDF3-136 – Spacecraft Discrete Control Pulse Signal Logic

Verification: D5

200) LVP537/TDF3-138 – Spacecraft Discrete Control Pulse Signal Length

Verification: D5

201) LVP539/TDF3-126 – Spacecraft Discrete Monitor Signal - LVDS Standard
Verification: D5

202) LVP540/TDF3-140 – Spacecraft Discrete Monitor Redundancy

Verification: D5

LAT022 – LAT Configuration 2 Reinitialization

Purpose/Description:
LAT022 verifies, in Configuration 2, the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

1) Orderly shutdown

2) SIU and EPU Boot memory dump

3) Reboot of the SIU and EPU on receipt of the SIU_RESET from the SC

4) Watchdog reinitialization of the SIU

5) SIU Watchdog reinitialization of the EPUs

Success Criteria:
The success criteria for LAT022 are identical to those specified for LAT021 and described in 6.7.2.3.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.

4.2.5.1.2.3 LAT022 – Functions Validated

Unless otherwise noted below, the test case LAT022 shall perform, in Configuration 2, the tests indicated in 6.7.2.3.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.2.4 LAT022 – Requirement Verification

Unless otherwise noted below, the test case LAT022 shall perform, in Configuration 2, the tests indicated in 6.7.2.3.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT023 – LAT Configuration 3 Reinitialization

Purpose/Description:
LAT023 verifies, in Configuration 3, the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

203) Orderly shutdown

204) SIU and EPU Boot memory dump

205) Reboot of the SIU and EPU on receipt of the SIU_RESET from the SC

206) Watchdog reinitialization of the SIU

207) SIU Watchdog reinitialization of the EPUs

Success Criteria:
The success criteria for LAT023 are identical to those specified for LAT021 and described in 6.7.2.3.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.

4.2.5.1.2.5 LAT023 – Functions Validated

Unless otherwise noted below, the test case LAT023 shall perform, in Configuration 3, the tests indicated in 6.7.2.3.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.2.6 LAT023 – Requirement Verification

Unless otherwise noted below, the test case LAT023 shall perform, in Configuration 3, the tests indicated in 6.7.2.3.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT024 – LAT Configuration 4 Reinitialization

Purpose/Description:
LAT024 verifies, in Configuration 4, the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

208) Orderly shutdown

209) SIU and EPU Boot memory dump

210) Reboot of the SIU and EPU on receipt of the SIU_RESET from the SC

211) Watchdog reinitialization of the SIU

212) SIU Watchdog reinitialization of the EPUs

Success Criteria:
The success criteria for LAT024 are identical to those specified for LAT021 and described in 6.7.2.3.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4.

4.2.5.1.2.7 LAT024 – Functions Validated

Unless otherwise noted below, the test case LAT024 shall perform, in Configuration 4, the tests indicated in 6.7.2.3.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.2.8 LAT024 – Requirement Verification

Unless otherwise noted below, the test case LAT024 shall perform, in Configuration 4, the tests indicated in 6.7.2.3.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT026 – LAT Configuration 6 Reinitialization

Purpose/Description:
LAT026 verifies, in Configuration 6, the LAT recovers if the LAT or one of the processors becomes non-operational or looses communications internally by conducting the following scenarios:

213) Orderly shutdown

214) SIU and EPU Boot memory dump

215) Reboot of the SIU and EPU on receipt of the SIU_RESET from the SC

216) Watchdog reinitialization of the SIU

217) SIU Watchdog reinitialization of the EPUs

Success Criteria:
The success criteria for LAT026 are identical to those specified for LAT021 and described in 6.7.2.3.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 6.

4.2.5.1.2.9 LAT026 – Functions Validated

Unless otherwise noted below, the test case LAT026 shall perform, in Configuration 6, the tests indicated in 6.7.2.3.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.2.10 LAT026 – Requirement Verification

Unless otherwise noted below, the test case LAT026 shall perform, in Configuration 6, the tests indicated in 6.7.2.3.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT Electrical Power Subsystem Performance

Verify the performance of the LAT Electrical Power Subsystem (EPS) one time during the LAT Baseline Test by measuring the differential mode input impedance, power on current transients, and power-off current transients on each feed.  In addition, power will be instantaneously removed from the LAT to verify no damage or degradation results.

LAT031 – LAT Configuration 1 EPS Performance

Purpose/Description:
LAT031 verifies, in Configuration 1, the performance of the LAT Electrical Power Subsystem (EPS) one time during the LAT Baseline Test by measuring the differential mode input impedance, power on current transients, and power-off current transients on each feed.  In addition, power will be instantaneously removed from the LAT to verify no damage or degradation results. 
Success Criteria:
LAT031-1 For each function specified in 6.7.2.4.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT031-2 For each requirement specified in 6.7.2.4.1.1 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT031-3 All power related Housekeeping telemetry is in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT031. Source – IN51

LAT031-4 All TPS power related Housekeeping telemetry is in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT031. Source – IN54

LAT031-5 All Spacecraft power related Housekeeping telemetry is in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT031. Source – IN55

LAT031-6 All GASU power related Housekeeping telemetry is in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT031. Source – IN63

LAT031-7 The VSC telemetry indicates that the SIU input power does not exceed 32W peak.  Source – LVP154.

LAT031-8 The VSC telemetry indicates that the DAQ feed input power does not exceed 668W peak.  Source – LVP156.

LAT031-9 The VSC telemetry indicates that the voltage on all regulated power feeds remains in the 27 V to 29 V regulation range at the VSC output.  Source – LVP157.

LAT031-10 The VSC telemetry indicates that the voltage on the unregulated power feed remains in the 25 V to 35 V range at the VSC output.  Source – LVP158.

LAT031-11 Following instantaneous interruption of power, the LAT Power On test suite and the script intSeApp with e2e_B-31_0.01hr.xml both complete without error.  Source – LVP174.

LAT031-12 Differential mode impedance was successfully measured and characterized on the fully powered SIU and DAQ feeds.  Source – LVP412.

LAT031-13 The power on current transients measured for one of each unit type on the SIU and DAQ power feeds do not exceed 15 mA/uS for the DAQ feed and 2.5 mA/uS for the SIU feed.  Source – LVP415.
4.2.5.1.2.11 LAT031 – Functions Validated

The test case LAT031 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

218) IN51 – PDU Power Distribution

During the test case LAT Power On, command the PDU to power on the ACD, EPUs, GASUs, and TEMs as specified in the configuration by Table 6‑2 above.  Verify by telemetry that the units commanded on is powered properly, that the supply voltages and currents are within tolerance, and that the current draw on the DAQ feed is consistent with the units powered.
219) IN54 – TPS Power Distribution

During the test case LAT Power On, command the PDU to power on the TEM, CAL, and Tracker.  Verify by telemetry that each unit commanded on is powered properly and that the supply voltages and currents are within tolerance.

220) IN55 – Spacecraft Power Distribution

Verify the DC power paths to each LAT unit by powering on and initializing the Instrument in the selected redundancy Configuration specified in Table 6‑2 above.  Verify, via telemetry that each unit powered is on, operational, the voltages and currents are as expected when the feeds specified are energized with 28VDC.

221) IN63 – GASU Power Distribution

During the test case LAT Power On, command the GASU to power on the EPUs and ACD.  Verify by telemetry that each unit commanded on is powered properly and that the supply voltages and currents are within tolerance.

4.2.5.1.2.12 LAT031 – Requirement Verification

The test case LAT031 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

222) LVP173/LPS637 – Simultaneous Power On Redundant Lines 

Verification: A5
223) LVP174/LPS639 – LAT Power Interruption 

Verification: T5

224) LVP412/LPS1237 – LAT Differential Mode Impedance 

Verification: T5

225) LVP416/LPS1251 – LAT Normal Operations Current Transients

Verification: T5

LAT Establish Baseline Science Operations Configuration

Load, and verify by memory dump, all data, FSW, tables, configuration files, et. al. to the LAT necessary to establish a baseline for Instrument science operations and burn into prime and redundant side EEPROMs.  The test case is run in Configuration 1 and Configuration 2 one time each at the Baseline LAT Test, TV Hot, TV Cold, and Final LAT Test to install settings consistent with the operating conditions in each EEPROM.

LAT041 – LAT Configuration 1 Establish Baseline Science Operations Configuration

Purpose/Description:
LAT041 uploads to the LAT, in Configuration 1, and verifies by memory dump comparison, all data, FSW, event filters, tables, configuration files, et. al. necessary to establish a baseline for proper Instrument ground science operations.  Further, following successful upload verification, this data is burned into the primary EEPROMs so that the LAT is in an operational state following each subsequent power on.  The test case is executed one time each at Baseline LAT Test, TV Hot, TV Cold, and Final LAT Test to install settings consistent with the operating conditions. 

Success Criteria:
LAT041-1 For each function specified in 6.7.2.5.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT041-2 For each requirement specified in 6.7.2.5.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT041-3 At least one Multi-Block Command (a command requiring more than one CCSDS Packet to complete its upload) was successfully uploaded, processed, and executed without error to the SIU and each active EPU.  Source – IN7.

LAT041-4 At least one command is successfully sent to each register type, the data readback from each effected register is consistent with what was sent in the command, and that only the commanded registers are modified.  Source – IN10.

LAT041-5 FSW file management functions are verified extensively during FSW Flight Qualification Testing (FQT).  However, each file management function (file create, load, delete, dump, copy, and load cancellation) that is necessary to establish the Baseline Science Operations configuration works as expected.  Source – IN17.

LAT041-6 FSW directory management functions are verified extensively during FSW Flight Qualification Testing (FQT).  However, each directory management function (directory create, delete, and dump) that is necessary to establish the Baseline Science Operations configuration works as expected.  Source – IN18.

LAT041-7 All memory dumps were successfully performed, the contents were received in the Diagnostic telemetry stream, the dump contents appeared in the correct order requested, from the address range requested, the length requested and are identical in content and composition to those in the dumped area of memory.  Source – IN21 and LVP94.

LAT041-8 All configuration files uploaded were successfully placed in the proper place in the FSW file system and the contents of those uploaded files were verified by memory dump.  Source – IN36 and LVP92.

LAT041-9 All configuration files uploaded were successfully invoked upon command as verified by Housekeeping telemetry.  Source – IN37.

LAT041-10 All configuration files invoked were successfully verified by FSW readback and check of the contents of each register against what was loaded.  Source – IN38.

LAT041-11 FSW notifies the ground of configuration changes, that are the result of each configuration file invoked in this test case, by providing the appropriate updates in the Public and Private Context Records provided in the Science Data stream.  Source – IN40.

LAT041-12 The FSW Event Filter was successful reprogrammed and verified by a muon data run.  – SF55.
4.2.5.1.2.13 LAT041 – Functions Validated

The test case LAT041 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

226) IN7 – Multiple Block Commands

Issue to the LAT several block commands in sequence, verify each command block executes properly, verify the accompanying command verification status/telemetry is as expected, and perform a memory dump of the target area.

227) IN10 – Register Commanding/Addressing

Send at least 1 command to each register type, verifying the command executes properly, the command goes only to the intended register(s), the contents of the command are what is written to the register, and that the accompanying command verification status/telemetry is as expected.

228) IN17 – File Create, Load, Delete, Dump, Copy, and Load Cancellation
Verify that a file of at least 2 blocks in length can be created, loaded, copied within a processor, copied between processors, dumped, and deleted.  Upload file contents must be verified by a memory dump. All file management activities must be shown to not effect normal processor operations.

229) IN18 – Directory Create, Delete, and Dump
Verify that a directory of at least 2 blocks in length can be created, copied, dumped, and finally deleted.  All directory activities must be shown to not effect normal processor operations.

230) IN21 – Memory Dump

Dump and verify the correct contents of the files loaded to each processor in the context of establishing the Baseline Science Operations configuration.   Dumps must be shown not to effect processor normal operations.

4.2.5.1.2.14 LAT041 – Requirement Verification

The test case LAT041 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

231) LVP92/LPS537 – Software Uploads 

Verification: T5
LAT042 – LAT Configuration 2 Establish Baseline Science Operations Configuration
Purpose/Description:
LAT042 uploads to the LAT, in Configuration 2, and verifies by memory dump comparison, all data, FSW, tables, configuration files, et. al. necessary to establish a baseline for proper Instrument ground science operations.  Further, following successful upload verification, this data is burned into the redundant EEPROMs so that the LAT is in an operational state following each subsequent power on.  The test case is executed one time each at Baseline LAT Test, TV Hot, TV Cold, and Final LAT Test to install settings consistent with the operating conditions. 

Success Criteria:
The success criteria for LAT042 are identical to those specified for LAT041 and described in 6.7.2.5.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2..

4.2.5.1.2.15 LAT042 – Functions Validated

Unless otherwise noted below, the test case LAT042 shall perform, in Configuration 2, the tests indicated in 6.7.2.5.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.16 LAT042 – Requirement Verification

Unless otherwise noted below, the test case LAT042 shall perform, in Configuration 2, the tests indicated in 6.7.2.5.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT Register Test

The health and proper function of each LAT Register and the register addressing system is verified on the fully integrated LAT by the execution of the extensive GASU Register, TEM Register, and ACD Register Tests using LATTE 4 prior to the installation of FSW and the beginning of the Baseline LAT Test and following all environmental testing during the LAT Final Test.  However, to confirm the continued health of the LAT Registers a register test will be performed at selected times during the environmental test sequence when the FSW to support the test is available.  This test will uses a yet to be developed FSW utility to write a minimum of twice, to each accessible register, a series of at least 4 unique bit patterns.   The success of each register write is verified by FSW reading back each write and providing a status report in Housekeeping Telemetry to indicate the success of each write.

LAT051 – LAT Configuration 1 Register Test

Purpose/Description:
LAT051 confirms, in Configuration 1, the continued health of the LAT Registers using a register test during the environmental test sequence.  The health and proper function of each LAT Register and the register addressing system is verified on the fully integrated LAT by the execution of the extensive GASU Register, TEM Register, and ACD Register Tests using LATTE 4 prior to the installation of FSW and the beginning of the Baseline LAT Test and following all environmental testing during the LAT Final Test.  This test will use a yet to be developed FSW utility to write to each accessible register a series of unique bit patterns.   The success of each register write will be verified by FSW reading back each register and providing a status report in Housekeeping Telemetry to indicate the success of each write.
Success Criteria:
LAT051-1 For each function specified in 6.7.2.5.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT051-2 For each requirement specified in 6.7.2.5.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT051-3 At least one command is successfully sent to each register type in both broadcast mode and individually, the data readback from each effected register is consistent with what was sent in the command, and that only the commanded registers are modified.  Source – IN10.
4.2.5.1.2.17 LAT051 – Functions Validated

The test case LAT051 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

232) IN10 – Register Commanding/Addressing

Send at least 1 command to each register type, verifying the command executes properly, the command goes only to the intended register(s), the contents of the command are what is written to the register, and that the accompanying command verification status/telemetry is as expected.

233) ACD-F4 – ACD GARC Register Readback

During LAT001, via Housekeeping Telemetry that each GARC Register can be accurately Readback.

234) ACD-F5 – ACD GARC Register Commanding

During LAT001, verify via Housekeeping Telemetry that each GARC Register can be accurately commanded.

235) ACD-F7 – ACD GAFE Register Readback

During LAT001, verify via Housekeeping Telemetry that each GAFE Register can be accurately Readback.

236) ACD-F8 – ACD GAFE Register Commanding

During LAT001, verify via Housekeeping Telemetry that each GAFE Register can be accurately commanded individually.

237) ACD-F9 – GAFE/GARC Broadcast Commands

During LAT001, verify via Housekeeping Telemetry that each GAFE and GARC Register can be accurately commanded using the Broadcast function.

238) CAL-F4 – CAL GCRC Register Readback

During LAT001, via Housekeeping Telemetry that each GCRC Register can be accurately Readback.

239) CAL-F5 – CAL GCRC Register Commanding

During LAT001, via Housekeeping Telemetry verify that each GCRC Register can be accurately commanded.

240) CAL-F7 – CAL GCFE Register Readback

During LAT001, verify via Housekeeping Telemetry that each GCFE Register can be accurately Readback.

241) CAL-F8 – CAL GCFE Register Commanding

During LAT001, verify via Housekeeping Telemetry that each GCFE Register can be accurately commanded individually.

242) CAL-F10 – CAL GCCC Register Readback

During LAT001, verify via Housekeeping Telemetry that each GCCC Register can be accurately Readback.

243) CAL-F11 – CAL GCCC Register Commanding

During LAT001, verify via Housekeeping Telemetry that each GCCC Register can be accurately commanded individually.

244) CAL-F12 – GCFE/GCRCGCCC Broadcast Commands

During LAT001, verify via Housekeeping Telemetry that each GCFE, GCCC, and GCRC Register can be accurately commanded using the Broadcast function.

245) TKR-F3 – TKR GTRC Register Readback

During LAT001, via Housekeeping Telemetry that each GTRC Register can be accurately Readback.

246) TKR-F4 – TKR GTRC Register Commanding

During LAT001, via Housekeeping Telemetry verify that each GTRC Register can be accurately commanded and addressed.
247) TKR-F6 – TKR GTFE Register Readback

During LAT001, verify via Housekeeping Telemetry that each GTFE Register can be accurately Readback.

248) TKR-F7 – TKR GTFE Register Commanding

During LAT001, verify via Housekeeping Telemetry that each GTFE Register can be accurately commanded and addressed individually.

249) TKR-F8 – GTFE/GTRC Broadcast Commands

During LAT001, verify via Housekeeping Telemetry that each GTFE and GTRC Register can be accurately commanded and addressed using the Broadcast function.

250) TKR-F9 – GTRC Left/Right Command

During LAT001, verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be commanded in all of the above configurations.

251) TKR-F10 – GTRC Left/Right Readout

During LAT001, verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be readout in all of the above configurations.

4.2.5.1.2.18 LAT051 – Requirement Verification

The test case LAT051 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

252) LVP235/LPS805 – LAT Command Configuration 

Verification: D5

LAT052 – LAT Configuration 2 Register Test

Purpose/Description:
LAT052 confirms, in Configuration 2, the continued health of the LAT Registers using a register test during the environmental test sequence.  The health and proper function of each LAT Register and the register addressing system is verified on the fully integrated LAT by the execution of the extensive GASU Register, TEM Register, and ACD Register Tests using LATTE 4 prior to the installation of FSW and the beginning of the Baseline LAT Test and following all environmental testing during the LAT Final Test.  This test will use a yet to be developed FSW utility to write to each accessible register a series of unique bit patterns.   The success of each register write will be verified by FSW reading back each register and providing a status report in Housekeeping Telemetry to indicate the success of each write.
Success Criteria:
The success criteria for LAT052 are identical to those specified for LAT051 and described in 6.7.2.6.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 1.
4.2.5.1.2.19 LAT052 – Functions Validated

Unless otherwise noted below, the test case LAT052 shall perform, in Configuration 2, the tests indicated in 6.7.2.6.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.20 LAT052 – Requirement Verification

Unless otherwise noted below, the test case LAT052 shall perform, in Configuration 2, the tests indicated in 6.7.2.6.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
SIU/EPU Hardware Functional

The health of the Spacecraft Interface Unit (SIU) and Event Processing Units (EPU) hardware through the environments is verified at selected times by performing memory writes followed by a memory read (dump) from each major area of processor memory.  In addition, the ability to enable and disable and the correct function of all memory protection devices that scrub for, detect, and correct memory errors is also verified.  Finally, request from FSW a Memory Pool Status Report.
LAT061 – LAT Configuration 1 SIU/EPU Hardware Functional

Purpose/Description:
LAT061 verifies, in Configuration 1, the health of the Spacecraft Interface Unit (SIU) and Event Processing Units (EPU) though environment by performing memory writes followed by a memory read (dump) from each major area of processor memory.  In addition, the ability to enable and disable and the correct function of all memory protection devices that scrub for, detect, and correct memory errors is also verified.

Success Criteria:
LAT061-1 For each function specified in 6.7.2.7.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT061-2 For each requirement specified in 6.7.2.7.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT061-3 The memory dump data received from the SIU and EPU SUROM, EEPROM, and RAM Disk contain the expect values for the area of memory dumped.  Source – IN21.

LAT061-4 The memory scrub for the SIU and EPU EEPROMs completed successful and no errors were encountered.  Source – IN25.

LAT061-5 The EEPROM Block write transaction counter was dumped and saved.  Source – IN62.

LAT061-6 The dump data received from the SIU and EPU memory pool statistics were dumped and saved for future reference.  Source – IN64.

LAT061-7 The memory dump data received from the SIU and EPU SUROM, EEPROM, and RAM Disk contain the expect values for the area of memory dumped.  Source – LVP94.
4.2.5.1.2.21 LAT061 – Functions Validated

The test case LAT061 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

253) IN21 – Memory Dump

Dump and verify the correct contents of SUROM, EEPROM, and RAM Disk from each processor (prime and redundant).  Dumps must include an area of memory less then one block, exactly one block, and of at least 5 contiguous blocks of active memory.   Dumps must be shown not to effect processor normal operations. 

254) IN25 – SIU/EPU SDRAM Memory Scrub

Command a Memory Scrub for each active SIU and EPU, using Housekeeping telemetry verify the scrub completes successfully, monitor and collect the Diagnostic Telemetry stream for APIDs 723 and 724 which indicate detected memory errors, save the contents of these messages and note all memory errors, and notify the operative if any additional errors are detected from the last scrub.  
255) IN62 – EEPROM Write Transaction Counter

Dump each EEPROM block header from each active SIU and EPU to collect and log the block write transaction counter.  Determine the actual write count for each block and make this information available in the test report for analysis.  

256) IN64 – Memory Pool Dump
Dump the Memory Pool from each active SIU and EPU to collect and log the current memory pool contents.  Verify the packet APIDs 785, 786, and 786 are seen in the Diagnostic telemetry stream and save the contents for off-line analysis. 
257) IN65 – File/Memory Writes

Command file and memory writes to the SIU and EPU EEPROM and SDRAM and verify using Housekeeping and Diagnostic telemetry and memory dumps that each write is successful.  

258) IN66 – File/Memory Reads

Command file and memory read from the SIU and EPU EEPROM and SDRAM, PCI Registers, 1553 Registers, and LCB Registers and verify using Housekeeping and Diagnostic telemetry and memory dumps that each read is successful.  
4.2.5.1.2.22 LAT061 – Requirement Verification

The test case LAT061 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

259) LVP94/LPS571 – Memory Dump 

Verification: T5 
LAT062 – LAT Configuration 2 SIU/EPU Hardware Functional

Purpose/Description:
LAT062 verifies, in Configuration 2, the health of the Spacecraft Interface Unit (SIU) and Event Processing Units (EPU) though environment by performing memory writes followed by a memory read (dump) from each major area of processor memory.  In addition, the ability to enable and disable and the correct function of all memory protection devices that scrub for, detect, and correct memory errors is also verified.

Success Criteria:
The success criteria for LAT062 are identical to those specified for LAT061 and described in 6.7.2.7.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 1.

4.2.5.1.2.23 LAT062 – Functions Validated

Unless otherwise noted below, the test case LAT062 shall perform, in Configuration 2, the tests indicated in 6.7.2.7.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.  

4.2.5.1.2.24 LAT062 – Requirement Verification

Unless otherwise noted below, the test case LAT062 shall perform, in Configuration 2, the tests indicated in 6.7.2.7.2.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT Energy Measurement Calibration

This test case will perform charge injection for each detector to establish the correlations between the charge deposited in a detector and the actual counts values output by that detector. In addition, muon runs collect data to facilitate the off-line determination of the relationship between the absolute scale of the energy deposited in the LAT and the resulting output from each detector.  For the ACD, the Minimum Ionizing Particle (MIP) peak of each PHA is determined and used to correlate the ACD energy measurements, output in counts, to MIPs. For the CAL, the absolute energy scale is ascertained and used to associate CAL energy measurements, also output in counts, to MeV.  For the TKR, the Time Over Threshold (TOT) peak (charge scale) is determined as a function of deposited charge such that a coarse determination of the amount of energy deposited in the TKR can be provided based on the TOT.  Note that the deposited charge to counts conversions, ACD PHA MIP peak, CAL absolute energy scale, and TKR TOT peak are all calculated off-line using the data collected in this test.

LAT071 – LAT Configuration 1 Energy Measurement Calibrations

Purpose/Description:
LAT071 will perform, in Configuration 1, charge injection for each detector to establish the correlations between the charge deposited in a detector and the actual counts values output by that detector. In addition, muon runs collect data to facilitate the off-line determination of the relationship between the absolute scale of the energy deposited in the LAT and the resulting output from each detector.  For the ACD, the Minimum Ionizing Particle (MIP) peak of each PHA is determined and used to correlate the ACD energy measurements, output in counts, to MIPs. For the CAL, the absolute energy scale is ascertained and used to associate CAL energy measurements, also output in counts, to MeV.  For the TKR, the Time Over Threshold (TOT) peak is (charge scale) determined as a function of deposited charge such that a coarse determination of the amount of energy deposited in the TKR can be provided based on the TOT.  Note that the deposited charge to counts conversions, ACD PHA MIP peak, CAL absolute energy scale, and TKR TOT peak are all calculated off-line using the data collected in this test.

Success Criteria:
LAT071-1 For each function specified in 6.7.2.8.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT071-2 For each requirement specified in 6.7.2.8.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT071-3 The ACD PHA read-outs in counts to MIP energy conversion coefficients are derived, those values are within the expected range, and are at or near the MIP conversion coefficients measured in subsystem test.  Source – IC24.

LAT071-4 The ACD MIP peaks are measured for each PHA, those values are within the expected range and are at or near the MIP peaks measured in subsystem test.  Source – IC25.
LAT071-5 The CAL event energy read-outs in counts to MeV energy conversion coefficients are determined for each log end, those values are within the expected range, and are at or near the MeV conversion coefficients measured in subsystem test.  Source – IC26.
LAT071-6 The CAL absolute energy scale is determined for each log, those values are within the expected range, and are at or near the absolute energy scale values measured for subsystem test.  Source – IC27.

LAT071-7 The TOT Peak for each detector strip is determined for each Tracker strip, those values are within the expected range, and are at or near the TOT Peaks measured in subsystem test.  Source – IC28.

4.2.5.1.2.25 LAT071 – Functions Validated

The test case LAT071 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

260) IC24 – ACD Minimum Ionizing Particle (MIP) to Counts Conversion
Measure ACD event energy readouts for each PHA in counts and determine the counts to MIP conversion coefficients so that ACD energy measurements of events can be made. 

261) IC25 – ACD MIP Peak Determination

Measure ACD event energy readouts, determine the count to MIP conversion coefficients, and determine the MIP peak for each PHA.  

262) IC26 – CAL MeV to Counts Conversion

Measure CAL event energy readouts for each log end in counts and determine the counts to MeV conversion coefficients so that CAL energy measurements of events can be made. 

263) IC27 – CAL Absolute Energy Measurement

Measure CAL event energy readouts and determine the possible absolute energy measurement counts value from each log end.  

264) IC28 –  TKR Time Over Threshold (TOT) Peak

Measure TKR TOT times and determine the TOT peak for each strip.  
4.2.5.1.2.26 LAT071 – Requirement Verification

None

LAT Safe Modes – Test Case Deleted
The LAT08x – LAT Safe Modes test case was deleted.  All functions and requirements sold and validated by this case are now performed by LAT13x – LAT/Spacecraft Interface Test.

LAT Science Modes

Verify the LAT correctly transitions between the Physics Mode, (which supports the Observatory’s Sky Survey Mode and Pointed Observation Mode), the Repointed Observation Mode, supports sequences of pointed and sky survey observations, and reports its current mode via telemetry.  Verify the proper operation of the LAT in each of the science observation modes by monitoring event data for accuracy, integrity, and completeness, tracking changes in event and detector statistics, and reporting any detected anomalies.  In addition, demonstrate the LAT correctly responds to South Atlantic Anomaly (SAA) entry commands and subsequently recovers to the LAT operational state present prior to SAA entry and the FSW response to a simulated ACD HVBS anomaly will also be tested.
LAT121 – LAT Configuration 1 Science Modes

Purpose/Description:
LAT121 verifies, in Configuration 1, the LAT correctly transitions between the Physics Mode, (which supports the Observatory’s Sky Survey Mode and Pointed Observation Mode), the Repointed Observation Mode, performs Secondary and Primary Target Repointing, supports sequences of pointed and sky survey observations, reports its current mode via telemetry, and selects and applies the Instrument settings associated with each mode.  Verify the proper operation of the LAT in each of the science observation modes by monitoring event data for accuracy, integrity, and completeness, tracking changes in event and detector statistics, and reporting any detected anomalies.  In addition, demonstrate the LAT correctly responds to South Atlantic Anomaly (SAA) entry commands and subsequently recovers to the LAT operational state present prior to SAA entry and the FSW response to a simulated ACD HVBS anomaly will also be tested.
Success Criteria:
LAT121-1 For each function specified in 6.7.2.9.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT121-2 For each requirement specified in 6.7.2.9.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT121-3 The ACD HVBSs was set to the SAA level when the Spacecraft (VSC) notified that LAT of an SAA entry and return the ACD HVBSs to the operational levels when notified by the Spacecraft of an SAA exit.  Source – IN29, LVP106, and LVP253.

LAT121-4 The FSW turned off the ACD HVBS when an anomaly detected.  Source – IN68.

LAT121-5 Each FSW Science Mode was successfully entered, exited, transitioned from mode to mode in the sequence commanded by the Spacecraft (VSC), and each mode performed its specified function.  Source – SF50, SF51, LVP67, LVP68, LVP71, LVP72, LVP77, LVP78, and LVP79.

4.2.5.1.2.27 LAT121 – Functions Validated

The test case LAT121 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

265) IN29 – SAA Transit

Once for each SIU (prime and redundant), provide an SAA Transit message to the SIU that will cause it transition the LAT to SAA Transit Mode.  The exact state of the LAT should be noted prior to SAA Transit for comparison to the post-transition state.  Prior to the simulated SAA Transit, verify by telemetry the FSW places the LAT in the safe state (ACD HVBS is set to the HVBS level).  In addition, the timing of the reconfiguration with respect to the SAA shall be verified.  Following the simulated transit, verify by telemetry that the ACD is returned to their operational state at the appropriate time and that all settings are identical to those before the transit. 
266) IN68 – FSW Response to ACD Anomalies

By changing the limits, simulate an ACD anomaly in the ACD HVBS and verify the FSW removes power. 
267) SF50 – FSW Science Modes

Verify by issuing the appropriate commands and observing telemetry, that the FSW can enter and collect data in each science mode namely Physics Mode, Calibration Mode, TOO Mode, and ARR Mode.

268) SF51 – FSW Science Mode Transitions 
Verify by issuing the appropriate commands and observing telemetry, that the FSW transitions from one science mode to another, namely Physics Mode to TOO, Physics Mode to ARR, TOO to Physics Mode, Physics Mode to Calibration Mode, etc.
4.2.5.1.2.28 LAT121 – Requirement Verification

The test case LAT121 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

269) LVP67/LPS532 – LAT Sequence of Observations

Verification: D5

270) LVP68/LPS253 – LAT Observation Modes

Verification: D5

271) LVP71/LPS540 – Pointed Observation Mode

Verification: D5

272) LVP72/LPS549 – Secondary Target Repointing

Verification: D5

273) LVP77/LPS254 – Targets of Opportunity

Verification: D5

274) LVP78/LPS332 – Targets of Opportunity

Verification: D5  

275) LVP79/LPS558 – Mode Transitions

Verification: D5

276) LVP106/LPS589 – SAA Safe Guards

Verification: D5

277) LVP253/LPS872 – SAA Entry/Exit 

Verification: D5
LAT122 – LAT Configuration 2 Science Modes

Purpose/Description:
LAT122 verifies, in Configuration 2, the LAT correctly transitions between the Physics Mode, (which supports the Observatory’s Sky Survey Mode and Pointed Observation Mode), the Repointed Observation Mode, performs Secondary and Primary Target Repointing, supports sequences of pointed and sky survey observations, reports its current mode via telemetry, and selects and applies the Instrument settings associated with each mode (if applicable).  Verify the proper operation of the LAT in each of the science observation modes by monitoring event data for accuracy, integrity, and completeness, tracking changes in event and detector statistics, and reporting any detected anomalies.  In addition, demonstrate the LAT correctly responds to South Atlantic Anomaly (SAA) entry commands and subsequently recovers to the LAT operational state present prior to SAA entry and the FSW response to a simulated ACD HVBS anomaly will also be tested.
Success Criteria:
The success criteria for LAT122 are identical to those specified for LAT121 and described in 6.7.2.9.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 1.

4.2.5.1.2.29 LAT122 – Functions Validated

Unless otherwise noted below, the test case LAT122 shall perform, in Configuration 2, the tests indicated in 6.7.2.9.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.30 LAT122 – Requirement Verification

Unless otherwise noted below, the test case LAT122 shall perform, in Configuration 2, the tests indicated in 6.7.2.9.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT/SC Interface Functional

Verify the functionality of the LAT/SC Interfaces not tested during the Initialization test cases (LAT001-LAT005).  The VSC is used in redundancy configurations 1-5 to verify all prime, redundant, and cross-strapped LAT-SC interfaces.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.  A safe to mate test and stray voltage test (as applicable) shall be performed on the LAT/VSC interfaces prior to integration.  Note that LAT13x may be run in lieu of LAT01x in Configurations 1-5 as indicated by Table 6-1 and at the discretion of the test director.
LAT131 – LAT Configuration 1 LAT/SC Interface Functional

Purpose/Description:
LAT131 verifies, in Configuration 1, the functionality of the Prime LAT to the Prime SC Interface not tested during the Initialization test case LAT001.  The VSC is used in this test to verify the primary LAT to primary SC interface.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
Success Criteria:
LAT131-1 For each function specified in 6.7.2.8.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT131-2 For each requirement specified in 6.7.2.8.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT131-3 The SIU performs Primary Boot when commanded to do so by the Spacecraft (VSC) on the Spacecraft Discrete command signal lines.  Source – IN1  and LVP222
LAT131-4 The SIU correctly reports its Boot Status to the Spacecraft (VSC) on the Spacecraft Discrete Monitor Signal lines.  Source – IN2 and LVP223
LAT131-5 All Spacecraft (VSC) read LAT analog telemetry are in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT Power On. Source – IN3, LVP422, LVP451, LVP452, LVP453, LVP454, and LVP455.
LAT131-6 For all commands sent via the Spacecraft (VSC) to SIU MIL-STD-1553B bus interface, Housekeeping telemetry indicated with that the action associated with the command was performed.  Source – IN4 and LVP83
LAT131-7 For all commands sent to the LAT by the Spacecraft (VSC), Housekeeping telemetry indicates each command executed in the order sent and that the command executed was the command sent.  Source – IN5 and LVP424
LAT131-8 For all commands sent via the MIL-STD-1553B bus to the LAT, Housekeeping telemetry indicated the FSW time tagged command execution notification and completion status is provided.  Source – IN6 and LVP424
LAT131-9 The multi-block command uploads sent by the Spacecraft (VSC) were received and processed with error as indicated in Housekeeping and Diagnostic telemetry.  Source – IN7
LAT131-10 The FSW sends a time tagged notification in Diagnostic telemetry when each command is issued for execution and completed, accompanying command execution and completion status associated with the command is received, and that the associated telemetry is at expected values.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.  Source – IN8
LAT131-11 All Normal Housekeeping Telemetry packets are received on the SIU to SC MIL-STD-1553B bus interface in the expected order, at the expected interval, and with contents consistent with the LAT configuration and the current environmental conditions (i.e. ambient, Hot TV, etc.).  Source – IN11, LVP84, and LVP239
LAT131-12 Following SIU primary boot the FSW provides SIU Boot Housekeeping telemetry at the 1553B interface in the expected packet order with the correct packet contents. Source – IN13
LAT131-13 Following the Load Shed/Safe Mode telecommand sent to the LAT an Alert Telemetry message was received in Diagnostic telemetry stream within 15 seconds of issuing that command.  Source – IN16, LVP97, LVP100, and LVP103
LAT131-14 When the Load Shed/Safe Mode telecommand is sent to the LAT the LAT responds by powering off the LAT (excluding the SIU) and a Primary Boot was performed on the SIU all within 15 seconds.  Source – IN27, IN28, LVP33, and LVP99 
LAT131-15 The LAT received the Timetone message and 1PPS signal from the Spacecraft (VSC) at 5 Hz and placed that data in the Science Data stream.  Source – IN30, IN31, LVP217, LVP243, LVP244, and LVP446
LAT131-16 The LAT received the Observatory Position and Attitude data from the Spacecraft (VSC) and timestamped Housekeeping, Diagnostic, and Science Data with the time contained in the Timetone message.  Source – IN32 and LVP245
LAT131-17 The LAT received the Timetone message and 1PPS signal from the Spacecraft (VSC) was checked for consistency against LAT internal time and any inconsistencies are indicated in the Science Data stream.  Source – IN33, IN34, LVP542, and LVP543
LAT131-18 The timestamps placed on the event data provided in the Science data stream is within 10 uS of the corresponding time contained in Timetone message sent from the Spacecraft.  Source – LVP20
LAT131-19 During the muon run the Observatory attitude and position data, time data, and the science data was all received on the science data port by the VSC, processed by the VSC without error, and transmitted to the VSC only when requested.  LVP225, LVP227, LVP228, LVP231, LVP232, LVP233, LVP241, LVP436, and LVP442.

LAT131-20 All commands sent at the 20 command/second rate were received and processed with error by the LAT as indicated in Diagnostic Telemetry.  Source – LVP237

LAT131-21 When the Load Shed/Safe Mode telecommand is sent to the LAT in Thermal Vacuum cold the LAT responds by powering off the LAT (excluding the SIU), a Primary Boot is performed on the SIU all within 15 seconds, and the TCS enters Safe Mode (all VCHP heaters on).  Source – LVP369
4.2.5.1.2.31 LAT131 – Functions Validated

The test case LAT131 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

278) IN1 – Spacecraft Discrete Commands

Demonstrate that each SIU can be reset to perform primary boot as a result of issuing the SC Discrete commands from the VSC in configurations 1-5.

279) IN2 – Spacecraft Discrete Telemetry

Observe the Spacecraft Discrete Telemetry, on the 2 Spacecraft Discrete Telemetry lines provided by the active SIU, using the VSC in redundancy configurations 1-5.  Verify the boot status indicated is “No Error”.
280) IN3 – Spacecraft Monitored Passive Analog Telemetry

Use the VSC in configurations 1-5, to collect each LAT Passive telemetry point and verify that the values received are as expected and consistent with the state of the LAT.

281) IN4 – LAT MIL-STD-1553B Command

From the VSC in configurations 1-5, issue a representative subset of each command type, verify each command executes properly using telemetry and by verifying the accompanying command verification status is as expected.

282) IN5 – LAT Command Processing and Routing

From the VSC in configurations 1-5, issue a representative subset of each command type in a sequence, verifying the commands execute properly and in order, and verifying the accompanying command verification status and telemetry is as expected.  Issue at least 3 illegal commands and verify they are rejected by the FSW.

283) IN6 – Command Execution Notification & Completion Status

From the VSC in configurations 1-5, issue a representative subset of each command type, verify the FSW sends a time tagged notification when each command is issued for execution and completed.  Verify the accompanying command execution and completion status and associated telemetry is as expected.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.

284) IN7 – Multiple Block Commands

From the VSC in configurations 1-5, issue a multi-block upload and verify each block of the command executes properly and that the correct contents of the upload were placed in the right location in memory.

285) IN8 – Command Validation

Issue a representative subset of each command type, verifying the command executes properly, and verifying the accompanying command verification status and associated telemetry is as expected.  

286) IN11 – Normal Housekeeping Telemetry

Verify the telemetry contents, frequency, and order of receipt for each housekeeping packet is as expected.  

287) IN13 – Boot Housekeeping Telemetry

During the boot of SIU and each EPU, verify the Boot Housekeeping telemetry contents, frequency, and order of receipt for each packet is as expected.

288) IN16 – Alert Telemetry

Verify that the VSC in configurations 1-5, receive an Alert Telemetry message from the LAT indicating a Load Shed/Safe Mode shut down is in progress within 15 seconds of issuing the Load Shed/Safe Mode telecommand.

289) IN27 – Safemode

As the LAT response to the Load Shed and Safemode commands are identical, validation of IN28 validates this function.

290) IN28 – Load Shed

Issue, from the VSC in configurations 1-5, a Load Shed command and verify the FSW turns off the entire LAT, except the SIU within 15 seconds, and then places the SIU in Primary Boot.

291) IN30 – GPS Message from the Spacecraft

Issue, from the VSC in configurations 1-5, GPS time messages to the LAT and verify the messages are received and processed using Housekeeping and Diagnostic telemetry.

292) IN31 – GPS Time Hack from the Spacecraft (1PPS)
Issue, from the VSC in configurations 1-5, the GPS time hack (1PPS) to the LAT and verify the signal is received by using the 1PPS to drive the periodic trigger and verifying events are received on the science data port at 1 Hz intervals with timestamps that are within 10 uS of the GPS time that was sent just before the 1PPS.
293) IN32 – Observatory Attitude and Position data from the Spacecraft

Issue, the magic 7 (Observatory Attitude and Position data) from the VSC in configurations 1-5, and verify this same data sent to the LAT is present in the science data stream (APID 1020) at 5 Hz.  Stop the magic 7 data and verify the FSW issues an error report indicating Observatory Attitude and Position data are not being received.  Restart the magic 7 and then issue the LSMSSROUTOUTOFF telecommand and confirm APID 1020 no longer appears in the science data.  Following that, send the LSMSSROUTOUTON telecommand and verify APID 1020 once again appears at a rate of 5 Hz. 
294) IN33 – Time Consistency Check

Verify that LAT’s internal time tracks GPS time within 10 uS for a period of 10 minutes by comparing the GPS data and event data time stamps output in the Science and the Housekeeping data streams.   Use the GPS message/time hack sent by the SIIS in configuration 1 and the VSC in configurations 1-5 and validated in IN30 and IN31 above.

295) IN34 – LAT Clock Correlation
Using the VSC in configurations 1-5, perform IN33 and then change the GPS time sent into to the LAT by 5 minutes and verify the event and Housekeeping data time stamps also change by the 5 minutes delta (within 10 uS).
4.2.5.1.2.32 LAT131 – Requirement Verification

The test case LAT131 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

296) LVP20/LPS41 – Accuracy of Time Measurements

Verification: T5

297) LVP33/LPS580 – Load Shedding

Verification: T5

298) LVP83/LPS503 – CCSDS Telecommand Standards 

Verification: D5

299) LVP84/LPS504 – CCSDS Telemetry Standards 

Verification: D5
300) LVP97/LPS578 – Alert Telemetry

Verification: T5
301) LVP99/LPS582 – Safe Mode

Verification: T5

302) LVP100/LPS583 – Safe Mode Alert
Verification: T5

303) LVP103/LPS584 – Load Shedding Alert

Verification: T5

304) LVP217/LPS749 – 1PPS Bus 

Verification: D5 
305) LVP225/LPS778 – Science Data Interface – LVDS Standard

Verification: D5

306) LVP226/LPS781 – Science Data Interface – Maximum Signal Frequency

Verification: D5

307) LVP227/LPS783 – Science Data Interface Configuration

Verification: D5

308) LVP228/LPS784 – Science Data Interface – Ready Line

Verification: D5

309) LVP231/LPS789 – Science Data Packet Format

Verification: D5

310) LVP232/LPS791 – CCSDS Packet Synchronization Marker

Verification: D5
311) LVP233/LPS793 – Science Data Interface Redundancy

Verification: D5

312) LVP237/LPS809 – LAT Real-Time Command Frequency

Verification: T5

313) LVP239/LPS814 – LAT Housekeeping Data Set

Verification: D5

314) LVP241/LPS818 – LAT Science Data Subset

Verification: D5

315) LVP243/LPS827 – LAT Time Message Receipt 

Verification: T5
316) LVP244/LPS829 – LAT Time Message Receipt Timing

Verification: T5
317) LVP245/LPS837 – SC Ancillary Data

Verification: T5
318) LVP369/MEC3-442 – TCS Safe Mode 

Verification: T5
319) LVP542/TDF3-144 – 1PPS Signal – LVDS Standard

Verification: D5
320) LVP543/TDF3-148 – 1PPS Signal Logic
Verification: D5
321) LVP422/LPS1262 – Analog Telemetry Signal Redundancy

Verification: T5 
322) LVP436/LPS1282 – LAT to SC Science Data Transmit Timing

Verification: D5 
323) LVP438/LPS1284 – LAT to Science Data Flow Pause

Verification: D5

324) LVP442/LPS1288 – LAT to SC Science Data Inter-Data Block Timing

Verification: D5 
325) LVP446/LPS1298 – One Pulse Per Second (1PPS) Signal Frequency

Verification: D5 
326) LVP451/LPS1311 – Passive Analog Telemetry

Verification: T5
327) LVP452/LPS1312 – LAT Resistance Thermal Devices

Verification: T5
328) LVP453/LPS1313 – LAT Pulsed Thermistors

Verification: T5
329) LVP454/LPS1314 – LAT Constant Current Thermistors

Verification: T5
330) LVP455/LPS1315 – LAT Voltage Outputs

Verification: T5

331) LVP544/TDF3-150 – 1PPS Signal Duration

Verification: D5
LAT132 – LAT Configuration 2 LAT/SC Interface Functional

Purpose/Description:
LAT132 uses the VSC to verify, in Configuration 2, the functionality of the Redundant LAT to the Redundant SC Interface.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
Success Criteria:
The success criteria for LAT132 are identical to those specified for LAT131 and described in 6.7.2.10.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.2.33 LAT132 – Functions Validated

Unless otherwise noted below, the test case LAT132 shall perform, in Configuration 2, the tests indicated in 6.7.2.10.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.  

4.2.5.1.2.34 LAT132 – Requirement Verification

Unless otherwise noted below, the test case LAT132 shall perform, in Configuration 2, the tests indicated in 6.7.2.10.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT133 – LAT Configuration 3 LAT/SC Interface Functional

Purpose/Description:
LAT133 uses the VSC to verify, in Configuration 3, the functionality of the Prime LAT to the Redundant SC Interface not tested during the Initialization test case LAT003.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
Success Criteria:
The success criteria for LAT133 are identical to those specified for LAT131 and described in 6.7.2.10.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.
4.2.5.1.2.35 LAT133 – Functions Validated

Unless otherwise noted below, the test case LAT133 shall perform, in Configuration 3, the tests indicated in 6.7.2.10.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.36 LAT133 – Requirement Verification

Unless otherwise noted below, the test case LAT133 shall perform, in Configuration 3, the tests indicated in 6.7.2.10.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT134 – LAT Configuration 4 LAT/SC Interface Functional

Purpose/Description:
LAT134 uses the VSC to verify, in Configuration 4, the functionality of the Redundant LAT to the Prime SC Interface not tested during the Initialization test case LAT004.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
Success Criteria:
The success criteria for LAT134 are identical to those specified for LAT131 and described in 6.7.2.10.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4. 
4.2.5.1.2.37 LAT134 – Functions Validated

Unless otherwise noted below, the test case LAT134 shall perform, in Configuration 4, the tests indicated in 6.7.2.10.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.  
4.2.5.1.2.38 LAT134 – Requirement Verification

Unless otherwise noted below, the test case LAT134 shall perform, in Configuration 4, the tests indicated in 6.7.2.10.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT135 – LAT Configuration 5 LAT/SC Interface Functional

Purpose/Description:
LAT135 uses the VSC to verify, in Configuration 5, the functionality of the Prime GASU to the Redundant SC Interface not tested during the test case LAT005.  The functionality verified includes the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
Success Criteria:
The success criteria for LAT135 are identical to those specified for LAT131 and described in 6.7.2.10.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 5.
4.2.5.1.2.39 LAT135 – Functions Validated

Unless otherwise noted below, the test case LAT135 shall perform, in Configuration 5, the tests indicated in 6.7.2.10.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.40 LAT135 – Requirement Verification

Unless otherwise noted below, the test case LAT135 shall perform, in Configuration 5, the tests indicated in 6.7.2.10.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT/SC Interface Functional with the SIIS

This test case verifies the functionality of the LAT/SC Interfaces using the Spacecraft-to-Instrument Interface Simulator (SIIS).  The SIIS is used to verify the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT handling of the Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
A safe-to-mate test must be performed prior to SIIS connection to the LAT.

LAT141 – LAT Configuration 1 LAT/SC Interface Functional with the SIIS
Purpose/Description:
LAT141 verifies, in Configuration 1, the functionality of the Prime LAT to the Prime SC Interface utilizing the SIIS.  The SIIS is used to verify the GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, power, and Discrete commands all provided by the SC, the LAT handling of the Science Data port Busy Line, Load Shed/Safe Mode, and Event Ancillary Data functions that operate on the SC supplied data.  In addition, verify the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the Discrete telemetry and the LAT analog telemetry that is read directly by the Spacecraft.
A safe-to-mate test must be performed prior to SIIS connection to the LAT.

Success Criteria:
LAT141-1 For each function specified in 6.7.2.11.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT141-2 For each requirement specified in 6.7.2.11.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT141-3 The SIU performs Primary Boot when commanded to do so by the Spacecraft (SIIS) on the Spacecraft Discrete command signal lines.  Source – IN1 and LVP222
LAT141-4 The SIU correctly reports its Boot Status to the Spacecraft (SIIS) on the Spacecraft Discrete Monitor Signal lines.  Source – IN2 and LVP223
LAT141-5 All Spacecraft (SIIS) read LAT analog telemetry are in range and consistent with the state of the LAT and the current environmental conditions (i.e. ambient, Hot TV, etc.) throughout LAT Power On. Source – IN3, LVP548, LVP422, LVP451, LVP452, LVP453, LVP454, and LVP455.
LAT141-6 For all commands sent via the Spacecraft (SIIS) to SIU MIL-STD-1553B bus interface, Housekeeping telemetry indicated with that the action associated with the command was performed.  Source – IN4, LVP83
LAT141-7 For all commands sent to the LAT by the Spacecraft (SIIS), Housekeeping telemetry indicates each command executed in the order sent and that the command executed was the command sent.  Source – IN5 and LVP424

LAT141-8 For all commands sent via the MIL-STD-1553B bus to the LAT, Housekeeping telemetry indicated the FSW time tagged command execution notification and completion status is provided.  Source – IN6 and LVP424
LAT141-9 The multi-block command uploads sent by the Spacecraft (SIIS) were received and processed with error as indicated in Housekeeping and Diagnostic telemetry.  Source – IN7
LAT141-10 The FSW sends a time tagged notification in Diagnostic telemetry when each command is issued for execution and completed, accompanying command execution and completion status associated with the command is received, and that the associated telemetry is at expected values.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.  Source – IN8
LAT141-11 All Normal Housekeeping Telemetry packets are received on the SIU to SC MIL-STD-1553B bus interface in the expected order, at the expected interval, and with contents consistent with the LAT configuration and the current environmental conditions (i.e. ambient, Hot TV, etc.).  Source – IN11, LVP84, and LVP239
LAT141-12 Following SIU primary boot the FSW provides SIU Boot Housekeeping telemetry at the 1553B interface in the expected packet order with the correct packet contents. Source – IN13
LAT141-13 Following the Load Shed/Safe Mode telecommand is sent to the LAT and Alert Telemetry message was received in Diagnostic telemetry stream within 15 seconds of issuing that command.  Source – IN16, LVP97, LVP100, and LVP103
LAT141-14 When the Load Shed/Safe Mode telecommand is sent to the LAT the LAT responds by powering off the LAT (excluding the SIU) and a Primary Boot was performed on the SIU all within 15 seconds.  Source – IN27, IN28, LVP33, and LVP99 
LAT141-15 The LAT received the Timetone message and 1PPS signal from the Spacecraft (SIIS) at 5 Hz and placed that data in the Science Data stream.  Source – IN30, IN31, LVP217, LVP243, LVP244, and LVP446
LAT141-16 The LAT received the Observatory Position and Attitude data from the Spacecraft (SIIS) and timestamped Housekeeping, Diagnostic, and Science Data with the time contained in the Timetone message.  Source – IN32 and LVP245

LAT141-17 The LAT received the Timetone message and 1PPS signal from the Spacecraft (SIIS) was checked for consistency against LAT internal time and any inconsistencies are indicated in the Science Data stream.  Source – IN33, IN34, LVP542, and LVP543

LAT141-18 During LAT141 the Observatory attitude and position data, and time data was all received on the science data port by the SIIS, processed by the SIIS without error, and transmitted to the SIIS only when requested.  LVP225, LVP227, LVP228, LVP231, LVP232, LVP233, LVP241, LVP436, and LVP442.

LAT141-19 All commands sent at the 20 command/second rate were received and processed with error by the LAT as indicated in Diagnostic Telemetry.  Source – LVP237
4.2.5.1.2.41 LAT141 – Functions Validated

The test case LAT141 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

332) IN1 – Spacecraft Discrete Commands

Demonstrate that each SIU can be reset to perform primary boot as a result of issuing the SC Discrete commands from the SIIS in configuration 1.

333) IN2 – Spacecraft Discrete Telemetry

Observe the Spacecraft Discrete Telemetry, on the 2 Spacecraft Discrete Telemetry lines provided by the active SIU, using the SIIS in configuration 1.  Verify the boot status indicated is “No Error”.

334) IN3 – Spacecraft Monitored Passive Analog Telemetry

Use the SIIS in configuration 1, to collect each LAT Passive telemetry point and verify that the values received are as expected and consistent with the state of the LAT.

335) IN4 – LAT MIL-STD-1553B Command

From the SIIS in configuration 1, issue a representative subset of each command type, verify each command executes properly using telemetry and by verifying the accompanying command verification status is as expected.

336) IN5 – LAT Command Processing and Routing

From the SIIS in configuration 1, issue a representative subset of each command type in a sequence, verifying the commands execute properly and in order, and verifying the accompanying command verification status and telemetry is as expected.  Issue at least 3 illegal commands and verify they are rejected by the FSW.

337) IN6 – Command Execution Notification & Completion Status

From the SIIS in configuration 1, issue a representative subset of each command type, verify the FSW sends a time tagged notification when each command is issued for execution and completed.  Verify the accompanying command execution and completion status and associated telemetry is as expected.  Issue at least three commands that the LAT will attempt to execute, but that will not successfully complete execution.  Verify the completion status is consistent with the induced error.

338) IN7 – Multiple Block Commands

From the SIIS in configuration 1, issue a multi-block upload and verify each block of the command executes properly and that the correct contents of the upload were placed in the right location in memory.

339) IN8 – Command Validation

Issue a representative subset of each command type, verifying the command executes properly, and verifying the accompanying command verification status and associated telemetry is as expected.  

340) IN11 – Normal Housekeeping Telemetry

Verify the telemetry contents, frequency, and order of receipt for each housekeeping packet is as expected.  

341) IN13 – Boot Housekeeping Telemetry

During the boot of SIU and each EPU, verify the Boot Housekeeping telemetry contents, frequency, and order of receipt for each packet is as expected.

342) IN16 – Alert Telemetry

Verify, that the SIIS in configuration 1, receives an Alert Telemetry message from the LAT indicating a Load Shed/Safe Mode shut down is in progress within 15 seconds of issuing the Load Shed/Safe Mode telecommand.

343) IN27 – Safemode

Issue, from the SIIS in configuration 1, the Safemode notification message to the SIU and verify the LAT shuts down and the SIU is in Primary Boot within 15 seconds.

344) IN28 – Load Shed

Issue, from the SIIS in configuration 1, GPS time messages to the LAT and verify the messages are received and processed using Housekeeping and Diagnostic telemetry.

345) IN30 – GPS Message from the Spacecraft

Issue, from the SIIS in configuration 1, GPS time messages to the LAT and verify the messages are received and processed using the time stamp in the Housekeeping telemetry, Diagnostic telemetry, and the Science Data.

346) IN31 – GPS Time Hack from the Spacecraft (1PPS)

Issue, from the SIIS in configuration 1, the GPS time hack (1PPS) to the LAT and verify the signal is received.

347) IN32 – Observatory Attitude and Position data from the Spacecraft

Issue, the magic 7 (Observatory Attitude and Position data) from the SIIS in configuration 1, and verify this same data sent to the LAT is present in the science data stream (APID 1020) at 5 Hz.  Stop the magic 7 data and verify the FSW issues an error report indicating Observatory Attitude and Position data are not being received.  Restart the magic 7 and then issue the LSMSSROUTOUTOFF telecommand and confirm APID 1020 no longer appears in the science data.  Following that, send the LSMSSROUTOUTON telecommand and verify APID 1020 once again appears at a rate of 5 Hz. 

4.2.5.1.2.42 LAT141 – Requirement Verification

The test case LAT141 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

348) LVP33/LPS580 – Load Shedding

Verification: T5 

349) LVP83/LPS503 – CCSDS Telecommand Standards 

Verification: D5 

350) LVP84/LPS504 – CCSDS Telemetry Standards 

Verification: D5

351) LVP97/LPS578 – Alert Telemetry

Verification: T5
352) LVP99/LPS582 – Safe Mode

Verification: T5

353) LVP100/LPS583 – Safe Mode Alert
Verification: T5

354) LVP103/LPS584 – Load Shedding Alert

Verification: T5
355) LVP217/LPS749 – 1PPS Bus 

Verification: D5 
356) LVP220/LPS766 – Analog Signal Sample Rate

Verification: T5 
357) LVP222/LPS770 – Discrete Control Signals
Verification: T5

358) LVP223/LPS773 – Discrete Monitor Signals
Verification: T5

359) LVP225/LPS778 – LAT to SC Interface – LVDS Standard

Verification: D5

360) LVP226/LPS781 – LAT to SC Maximum Signal Frequency

Verification: D5

361) LVP227/LPS783 – Science Data Interface Configuration

Verification: D5

362) LVP228/LPS784 – LAT to SC Interface – Ready Line

Verification: D5

363) LVP232/LPS791 – CCSDS Packet Synchronization Marker

Verification: D5

364) LVP233/LPS793 – Science Data Interface Redundancy

Verification: D5

365) LVP237/LPS809 – LAT Real-Time Command Frequency

Verification: T5

366) LVP239/LPS814 – LAT Housekeeping Data Set

Verification: D5

367) LVP245/LPS837 – SC Ancillary Data

Verification: T5
368) LVP422/LPS1262 – Analog Telemetry Signal Redundancy

Verification: T5
369) LVP424/LPS1265 – C&DH Redundant Interfaces

Verification: D5
370) LVP436/LPS1282 – LAT to SC Science Data Transmit Timing

Verification: D5
371) LVP438/LPS1284 – LAT to SC Science Data Flow Pause

Verification: D5
372) LVP442/LPS1288 – LAT to SC Science Data Inter-Data Block Timing

Verification: D5.

373) LVP446/LPS1298 – One Pulse Per Second (1PPS) Signal Frequency

Verification: D5

374) LVP451/LPS1311 – Passive Analog Telemetry

Verification: T5
375) LVP452/LPS1312 – LAT Resistance Thermal Devices

Verification: T5
376) LVP453/LPS1313 – LAT Pulsed Thermistors

Verification: T5
377) LVP454/LPS1314 – LAT Constant Current Thermistors

Verification: T5
378) LVP455/LPS1315 – LAT Voltage Outputs

Verification: T5
379) LVP532/TDF3-122 – Spacecraft Discrete Control Signal – LVDS Standard

Verification: D5
380) LVP533/TDF3-130 – Spacecraft Discrete Control Signal Types

Verification: D5
381) LVP535/TDF3-134 – Spacecraft Discrete Control Signal Logic

Verification: D5
382) LVP536/TDF3-136 – Spacecraft Discrete Control Pulse Signal Logic

Verification: D5
383) LVP537/TDF3-138 – Spacecraft Discrete Control Pulse Signal Length

Verification: D5
384) LVP539/TDF3-126 – Spacecraft Discrete Monitor Signals – LVDS Standard
Verification: D5
385) LVP542/TDF3-144 – 1PPS Signal – LVDS Standard

Verification: D5 
386) LVP543/TDF3-148 – 1PPS Signal Logic

Verification: D5
387) LVP544/TDF3-150 – 1PPS Signal Duration

Verification: D5
LAT Ambient Thermal Control Subsystem Test
In the Baseline LAT Test, for the TCS devices present, perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; and 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW.  

Following Radiator Integration and during Pre-TV, repeat steps 1 thru 4 for the entire TCS.  In addition, read all temperature sensors on board the LAT and verify accurate readout and conversion coefficients.  This test is not part of the LAT CPT.
LAT151 – LAT Configuration 1 Ambient Thermal Control Subsystem Test
Purpose/Description:
For LAT151, in Configuration 1 for the TCS devices present, perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; and 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW.  

Following Radiator Integration and during Pre-TV, repeat steps 1 thru 4 for the entire TCS.  In addition, read all temperature sensors on board the LAT and verify accurate readout and conversion coefficients.  This test is not part of the LAT CPT.  

Success Criteria:
LAT151-1 For each function specified in 6.7.2.12.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT151-2 For each requirement specified in 6.7.2.12.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT151-3 The LTC could be started, restarted, stopped, and mode changed by telecommands received from the Spacecraft (VSC) as shown by Housekeeping telemetry.  Source – IN57
LAT151-4 The On/Off state of the VCHP heater switches matched exactly the state commanded by the LTC FSW.  Source – IN58
LAT151-5 The temperatures read and provided by the LTC FSW in Diagnostic Telemetry matched those provided by Housekeeping Telemetry.  Source – IN59
LAT151-6 The LTC FSW control parameters were uploaded and the expected result (all heaters on) was observed.  Source – IN60
LAT151-7 All expected LTC FSW status was received in the Diagnostic Telemetry stream.  Source – IN61
LAT151-8 At ambient, there was no power draw on the energized Survival Heater Power Feed.  Source – LVP177
4.2.5.1.2.43 LAT151 – Functions Validated

The test case LAT151 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

388) IN57 – Operational Thermal Control

Show the FSW TCS algorithm can be enabled, disabled, started, restarted, and its mode (Active/Passive) controlled by using the LTCSTART, LTCRESTART, LTCSTOP, and LTCSETMODE telecommands and observing Housekeeping telemetry.  Further, demonstrate the Flight Software can control the LAT temperature by controlling the supply of power to the VCHP heaters utilizing the heater control switches located in the Heater Control Box by monitoring the current on the VCHP feed and during TV by showing the LAT can maintain its own temperature. 
389) IN58 – Flight Software Control of VCHP Heaters

Show the Flight Software can control individual VCHP Heaters by using the LRCHTRONOFFCNTL telecommand and verify the response using the LTC Diagnostic telemetry, Housekeeping telemetry and the current draw on the VCHP feed.  At ambient, command the FSW to control each heater individually and verify that only the appropriate heater is turned on.
390) IN59 – Flight Software Monitor of Temperature Sensors
Show the Flight Software uses and monitors the LAT temperature sensors, specified by the operator, to control the LAT Radiator Interface Temperature (RIT) by manipulating the position of the heater control switches.  Select numerous sensors and prove using the LTC Diagnostic and Housekeeping telemetry that FSW is reading the correct values.  
391) IN60 – Thermal Control Software Parameter Changes  
Use the LTCSETPARAM telecommand to demonstrate, using the LTC Diagnostic telemetry, that the heat pipe temperatures used to control the RIT and the heater set points can be modified by command and utilized to control the temperature of the LAT.

392) IN61 – LAT Thermal Control Diagnostics
Show the LTC Diagnostics telemetry is collected at the specified frequency and that is contents are correct by comparing the data received in the LTC Diagnostics packet and insuring it is consistent with the LTC parameters uploaded and the temperature values read through LAT Housekeeping.

4.2.5.1.2.44 LAT151 – Requirement Verification

The test case LAT151 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT152 – LAT Configuration 2 Thermal Control

Purpose/Description:
For LAT152, in Configuration 2 for the TCS devices present perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; and 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW.  

Success Criteria:
The success criteria for LAT152 are identical to those specified for LAT151 and described in 6.7.2.12.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.2.45 LAT152 – Functions Validated

Unless otherwise noted below, the test case LAT152 shall perform, in Configuration 2, the tests indicated in 6.7.2.12.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.2.46 LAT152 – Requirement Verification

Unless otherwise noted below, the test case LAT152 shall perform, in Configuration 2, the tests indicated in 0 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT Ambient Survival Heater Test

In the Baseline LAT Test and one time only, use an approved coolant to cool each Survival Heater temperature sensor present and very each thermostatically controlled heater switch actuates by measuring input power into the Unregulated power feed and verify the power draw increases by the amount expected for the heater circuit powered by the closed switch.  Following Radiator Installation and during Pre-Thermal Vacuum all functionality, except anti-freeze heaters is verified.  At Cold Survival in LAT Thermal Vacuum testing, with the LAT Off, insure that the primary thermostatically controlled heaters maintain the RIT at or above survival temp (currently -6 C).  Note that power should be applied to both prime and redundant survival heaters and prime and redundant VCHP heaters when the LAT transitions to survival mode.  Remove power from the primary heaters and insure that the redundant thermostatically controlled heaters maintain the RIT at or above survival temperature.

LAT161 – LAT Configuration 1 Survival Heater Test

Purpose/Description:
In the Baseline LAT Test, use Freon to cool each Survival Heater temperature sensor present and very each thermostatically controlled heater switch actuates by measuring input power into the Unregulated power feed and verify the power draw increases by the amount expected for the heater circuit powered by the closed switch.  Following Radiator Installation, repeat the freon test for all thermostatically controlled switch.  At Cold Survival in LAT Thermal Vacuum testing, with the LAT Off, and the primary side of the spacecraft powered on, LAT161 insures that the thermostatically controlled heaters maintain the RIT at or above survival temp (currently -6 C).  Remove power from the primary heaters and insure that the redundant thermostatically controlled heaters and also verify the RIT is kept at or above survival temperature.  During LAT161, the input voltage at the LAT/Spacecraft interface for the Survival Heater Feed shall be set to 35V and the power consumption shall be measured and recorded over a 10 minute period near the end of the TV Cold Survival Test Case.
Success Criteria:
LAT161-1 For each function specified in 6.7.2.13.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT161-2 For each requirement specified in 6.7.2.13.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT161-3 All survival heaters were automatically turned on when the LAT is turned off during Cold Survival in TV.  Source – IN56
LAT161-4 During any time the Survival heaters are on in TV the power draw on the Survival Heater Feed does not exceed 58W.  Source – IN56
4.2.5.1.2.47 LAT161 – Functions Validated

The test case LAT161 shall perform, with the primary side of the spacecraft powered, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

393) IN56 – Survival Thermal Control
Once at Cold Survival in LAT Thermal Vacuum testing, immediately following LAT power off, verify that all VCHP heaters are full on and that the LAT thermal control correctly transitions to the thermostatic control of the primary survival heaters.  Also verify the primary survival heaters maintain the LAT Radiator Interface Temperature (RIT) and that all LAT locations at or above their survival temperatures.  Remove power from the primary survival heaters and insure that the redundant thermostatically controlled heaters also keep the RIT and all other LAT locations at or above their survival temperatures.
4.2.5.1.2.48 LAT161 – Requirement Verification

The test case LAT161 shall perform, with the primary side of the spacecraft powered, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

394) LVP155/LPS498 – VCHP Reservoir Heater Peak Power

Verification: T5

395) LVP158/LPS595 – LAT Unregulated Input Voltage Range

Verification: T5

396) LVP172/LPS635 – Simultaneous Power to VCHP Feeds

Verification: T5

397) LVP178/LPS665 – Redundant Survival Heaters 

Verification: T5 
398) LVP179/LPS657 – Primary Survival Heaters – Feed 7

Verification: T5

399) LVP180/LPS658 – Primary Survival Heaters – Feed 8

Verification: T5

400) LVP181/LPS659 – Primary Survival Heaters – Feed 9

Verification: T5

401) LVP182/LPS660 – Primary Survival Heaters – Feed 10

Verification: T5

402) LVP183/LPS662 – Survival Heater Continuous Power
Verification: T5 

403) LVP185/LPS671 – LAT Grid and VCHP Survival Heater, Orbit Average Power
Verification: T5

404) LVP186/LPS673 – VCHP Reservoir Heater, Orbit Average Power
Verification: T5

405) LVP187/LPS675 – LAT Grid and VCHP Survival Heater, Peak Power
Verification: T5

406) LVP188/LPS677 – VCHP Reservoir Heater, Peak Power
Verification: T5

407) LVP189/LPS679 – LAT Grid and VCHP Survival Power Use

Verification: T5 
408) LVP190/LPS681 – Use of VCHP Heater Power for Survival
Verification: T5

409) LVP191/LPS683 – Survival Heater Power Control
Verification: T5 
410) LVP192/LPS685 – LAT Grid and VCHP Feed Voltage
Verification: T5  
411) LVP359/MEC3-366 – Survival Mode Temperature Control

Verification: T5 

LAT162 – LAT Configuration 2 Survival Heater Test

Purpose/Description:
In the Baseline LAT Test, use Freon to cool each Survival Heater temperature sensor present and very each thermostatically controlled heater switch actuates by measuring input power into the Unregulated power feed and verify the power draw increases by the amount expected for the heater circuit powered by the closed switch.  Following Radiator Installation, repeat the freon test for all thermostatically controlled switch.  At Cold Survival in LAT Thermal Vacuum testing, with the LAT Off, and the redundant side of the spacecraft powered on, LAT162 insures that the thermostatically controlled heaters maintain the RIT at or above survival temp (currently -6 C).  Remove power from the primary heaters and insure that the redundant thermostatically controlled heaters and also verify the RIT is kept at or above survival temperature.

Success Criteria:
The success criteria for LAT162 are identical to those specified for LAT161 and described in 6.7.2.13.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2..

4.2.5.1.2.49 LAT162 – Functions Validated

Unless otherwise noted below, the test case LAT162 shall perform, in Configuration 2, the tests indicated in 6.7.2.13.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.2.50 LAT162 – Requirement Verification

Unless otherwise noted below, the test case LAT162 shall perform, in Configuration 2, the tests indicated in 6.7.2.13.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT Conducted and Radiated Emissions

To simulate LAT on-orbit operations, perform muon runs while injecting a periodic trigger so that event rates of ~500 Hz are obtained.  During these muon runs the Conducted and Radiation Emissions sweeps shall be performed to detect LAT EMI emissions in the Instrument’s “operational” state.  This test shall be conducted in accordance with the LAT Electromagnetic Interference Test Plan, LAT-TD-02726.
LAT171 – LAT Configuration 1 Conducted and Radiated Emissions

Purpose/Description:
LAT171 simulates LAT on-orbit operations by performing muon runs while injecting a periodic trigger so that event rates of ~500 Hz are obtained.  During these muon runs the Conducted and Radiation Emissions sweeps are performed to detect LAT EMI emissions in the Instrument’s “operational” state.
Success Criteria:
All LAT conducted and radiated emissions are within the limits specified by the GLAST Observatory Electromagnetic Interference Requirements Document, 433-RQMT-0005.
4.2.5.1.2.51 LAT171 – Functions Validated

The test case LAT171 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

412) None
4.2.5.1.2.52 LAT171 – Requirement Verification

The test case LAT171 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

413) LVP264/ACD3-86 – ACD Environmental Requirements

Verification: T5
414) LVP333/T&DF3-84 – T&DF EMC Requirements

Verification: T5
415) LVP364/MEC3-433 – TCS EMC Requirements

Verification: T5

416) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
4.2.5.1.2.53 LAT171 – Required Parameter Measurements/Calculations

The test case LAT171 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.

LAT172 – LAT Configuration 2 Conducted and Radiated Emissions

Purpose/Description:
LAT172 simulates LAT on-orbit operations by performing muon runs while injecting a periodic trigger so that event rates of ~500 Hz are obtained.  During these muon runs the Conducted and Radiation Emissions sweeps are performed to detect LAT EMI emissions in the Instrument’s “operational” state. 
Success Criteria:
The success criteria for LAT172 are identical to those specified for LAT171 and described in 6.7.2.14.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.

4.2.5.1.2.54 LAT172 – Functions Validated

Unless otherwise noted below, the test case LAT172 shall perform, in Configuration 2, the tests indicated in 6.7.2.14.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.55 LAT172 – Requirement Verification

Unless otherwise noted below, the test case LAT172 shall perform, in Configuration 2, the tests indicated in 6.7.2.14.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT Conducted and Radiated Susceptibility

The is LAT configured to collect muons with CAL triggers at flight level, ACD VETOs enabled, and with periodic triggers injected to create an event rate of ~500 Hz.  Susceptibility is determined by post test analysis of TKR noise occupancy, CAL pedestal widths and trigger rates, ACD pedestal widths and VETO rates, and T&DF commanding and data flow errors.  In addition, a real-time monitor of global trigger rates is also performed to identify potential Instrument susceptibility during the EMI frequency sweeps.  This test shall be conducted in accordance with the LAT Electromagnetic Interference Test Plan, LAT-TD-02726.
LAT181 – LAT Configuration 1 Conducted and Radiated Susceptibility

Purpose/Description:
LAT181 configures the LAT to collect muons with CAL triggers at flight level, ACD VETOs enabled, and with periodic triggers injected to create an event rate of ~500 Hz.  Susceptibility is determined is performed by post test analysis of TKR noise occupancy, CAL pedestal widths and trigger rates, ACD pedestal widths and VETO rates, and T&DF commanding and data flow errors.  In addition, a real-time monitor of global trigger rates is also performed to identify potential Instrument susceptibility during the EMI frequency sweeps.
Success Criteria:
The LAT does not show susceptibility to the conducted and radiated EMI signals specified by the GLAST Observatory Electromagnetic Interference Requirements Document, 433-RQMT-0005.
4.2.5.1.2.56 LAT181 – Functions Validated

The test case LAT181 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

417) None
4.2.5.1.2.57 LAT181 – Requirement Verification

The test case LAT181 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.

418) LVP160/LPS600 – Conducted Emissions - Voltage Transients

Verification: T5

419) LVP264/ACD3-86 – ACD Environmental Requirements

Verification: T5
420) LVP333/T&DF3-84 – T&DF EMC Requirements

Verification: T5
421) LVP364/MEC3-433 – TCS EMC Requirements

Verification: T5

422) LVP547/LPS1485 – LAT Environmental Requirements

Verification: T5
LAT Science Performance Diagnostics

Verify the LAT, upon receipt of the appropriate command, performs the following Science Performance monitoring Diagnostic functions during normal operations: 1) ACD Cosmic Ray (CR) Sample Events; 2) CAL CR Calibration; 3) CAL CR Calibration Prescale; 4) CAL Calibration Enable/Disable; 5) CAL CR Calibration Trigger; 6) TKR CR Calibration; 7) TKR CR Calibration Excluding Showering Events; and 8) TKR CR Calibration Excluding Low Energy Tracks.   Note that the event filters which provide the Science Performance Diagnostic (SPD) functions may operate in parallel with the Flight Operations filter.  If that is the case, the SPD functions may be tested during LAT22x instead, 
LAT201 – LAT Configuration 1 Science Performance Diagnostics

Purpose/Description:
 LAT201 verifies the LAT, in Configuration 1 can upon receipt of the appropriate command, perform the following FSW conducted Science Performance monitoring Diagnostic functions during normal operations: 1) ACD Cosmic Ray (CR) Sample Events; 2) CAL CR Calibration; 3) CAL CR Calibration Prescale; 4) CAL Calibration Enable/Disable; 5) CAL CR Calibration Trigger; 6) TKR CR Calibration; 7) TKR CR Calibration Excluding Showering Events; and 8) TKR CR Calibration Excluding Low Energy Tracks.

Success Criteria:
LAT201-1 For each function specified in 6.7.2.16.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT201-2 For each requirement specified in 6.7.2.16.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT201-3 Data from the Low Rate Science Counters incremented each time charge was injected in each ACD channel, each CAL-Low and CAL-High channel, and each TKR layer, was collected by the LAT, and provided in Housekeeping Telemetry.  Source – ACD-F35, CAL-F28, TKR-F16, and SF62
LAT201-4 The rate at which the Low Rate Science Counters incremented during the test was consistent with the expected event rate for the test.  Source – ACD-F35, CAL-F28, TKR-F16, and SF62

LAT201-5 FSW collected the correct sample of ACD Cosmic Ray events and the data provided was sufficient to determine the ACD MIP peaks in each tile.  Source – SF44
LAT201-6 FSW collected the correct sample of CAL Cosmic Ray events, the Prescale and trigger sources were set properly, and the data provided was sufficient to determine the CAL MeV to counts conversion in each log end.  Source – SF45, SF46, and SF47.
LAT201-7 FSW collected the correct sample of TKR Cosmic Ray events, filtered the showering events and low energy tracks, and the data provided was sufficient to determine the TOT Peaks in each strip.  Source – SF48
LAT201-8 FSW entered Diagnostic mode and collect all for types of CR data for 10 minutes and provided the correctly formatted data to the science data port.  Source – SF49
LAT201-9 Successful completion of LAT201 demonstrates the on-orbit calibration function and the ability to perform calibration of the LAT during In-Orbit checkout.  Source – LVP45 and LVP105.
4.2.5.1.2.58 LAT201 – Functions Validated

The test case LAT201 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

423) SF44 – ACD Cosmic Ray Sample Events

Command the FSW to collect ACD Cosmic Ray events.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, as expected, and of sufficient content to monitor the ACD tile MIP peak.

424) SF45 – CAL Cosmic Ray Calibration

Command the FSW to Enable CAL Cosmic Ray Calibration.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, as expected, and of sufficient content to calibrate the CAL using cosmic rays.  In addition, verify via telemetry and Science Data content, that this function can be enabled and disabled by command.
425) SF46 – CAL Cosmic Ray Calibration Prescale Triggers

Command the FSW to Enable CAL Cosmic Ray Calibration.  Set the Prescale Triggers to at least 3 distinct values and verify via telemetry and Science Data content that this function works as specified.
426) SF47 – CAL Cosmic Ray Calibration Triggers

Command the FSW to Enable CAL Cosmic Ray Calibration.  Verify via telemetry and Science Data content that the CAL CR data contents is collected as a result of ACD-High and Tracker 3-in-a-row trigger sources.  In addition, verify that a sufficient number of events not triggered by ACD-High were collected to allow completion of the Calorimeter calibration.
427) SF48 – Tracker Cosmic Ray Calibration

Command the FSW to Enable Tracker Cosmic Ray Calibration.  Data will be collected in all 4 states, i.e. all events collected, Showering events excluded, Low Energy Tracks excluded, and with both exclusions enabled.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, as expected, and of sufficient content to calibrate the Tracker using cosmic rays.  In addition, verify via telemetry and Science Data content, that these functions can be enabled and disabled by command.
428) SF49 – Diagnostic Mode

Command the FSW to execute each of the Diagnostic Modes specified at left.  Data will be collected with all 4 data types simultaneously for a minimum of 10 minutes.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, and as expected In addition, verify via Housekeeping and Diagnostic Telemetry content, that these functions can be enabled and disabled by command.

429) SF55 – FSW Event Filter Reprogram

Once for each SIU (prime and redundant) and EPU (0, 1, and Redundant), modify the FSW Science Performance Diagnostic (SPD) Event Filters to Pass CNOs and perform the TKR Alignment functions, that is the filter provides the ACD CR Sample events (Science Performance Diagnostic item 1), prescales CAL events (Science Performance Diagnostic item 3), excludes TKR Showering Events (item 7), and excludes TKR Low Energy Tracks (item).  To demonstrate a filter can be reprogrammed, collect 60 minutes of events using SPD filters and verify the correct type of events are passed.  Then upload the Flight Ops Filter to the LAT, write it to EEPROM, and reboot the SIU and EPUs for activation.  Collect 10 minutes minimum of muons with the Flight Ops filter enabled and verify events are passed at ~30-40 Hz.

430) SF56 – FSW Event Filter Selection

Once for each SIU (prime and redundant) and EPU (0, 1, and Redundant), select a different FSW Event Filter then the one currently active.  To demonstrate a filter can be selected, following upload of the SPD Filters for SF55 above, write it to EEPROM, and reboot the SIU and EPUs for activation.  Collect 30 minutes minimum of muons with the SPD filter enabled and verify events are passed at ~TBD Hz and that the event data is consistent with the filter.
4.2.5.1.2.59 LAT201 – Requirement Verification

The test case LAT201 shall perform, in Configuration 1, the tests specified below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

431) LVP45/LPS587 – LAT In-Orbit Checkout

Verification: D5

432) LVP105/LPS586 – LAT Calibration

Verification: T5
4.2.5.1.2.60 LAT201 – Required Parameter Measurements/Calculations

The test case LAT201 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.

LAT202 – LAT Configuration 2 Science Performance Diagnostics

Purpose/Description:
 LAT202 verifies the LAT, in Configuration 2 can upon receipt of the appropriate command, perform the following FSW conducted Science Performance monitoring Diagnostic functions during normal operations: 1) ACD Cosmic Ray (CR) Sample Events; 2) CAL CR Calibration; 3) CAL CR Calibration Prescale; 4) CAL Calibration Enable/Disable; 5) CAL CR Calibration Trigger; 6) TKR CR Calibration; 7) TKR CR Calibration Excluding Showering Events; and 8) TKR CR Calibration Excluding Low Energy Tracks.

Success Criteria:
Unless otherwise noted below, the test case LAT202 shall perform, in Configuration 2, the tests indicated in 6.7.2.16.1above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.61 LAT202 – Functions Validated

Unless otherwise noted below, the test case LAT202 shall perform, in Configuration 2, the tests indicated in 6.7.2.16.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.2.62 LAT202 – Requirement Verification

Unless otherwise noted below, the test case LAT202 shall perform, in Configuration 2, the tests indicated in 6.7.2.16.1.2  above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT Timing Measure & Adjust

Following the successful completion of the ACD, CAL, and TKR CPTs measure and/or adjust LAT level timing as necessary for the following parameters: 1) ACD Hold Delays; 2) ACD Hit Map Timing; 3) ACD TACK Delays; 4) CAL-Lo TREQ Delay; 5) CAL-Hi TACK Delay; 6) TKR TREQ Delays; 7) TKR TACQ Delays; 8) Trigger Window; and 9) Deadtime.  These parameters are determined during the execution of the series of Trigger Tests described in 6.7.2.17.1 below.  

4.2.5.1.3 LAT Level Trigger Test Definitions

The LAT Level trigger tests are executed by a series of software scripts that execute through LICOS during LAT211 and LAT212.  The scripts are described in LAT-MD-07337.  The tests have been defined in order to verify the relevant T&DF Level III requirements (LAT-SS-00019) and to measure or find the optimal trigger timing parameters for LAT operation.

4.2.5.1.3.1 TREQ Timing Alignment

This test verifies the timing alignment and jitter for each GEM trigger input by examining its arrival time at the GEM with respect to a reference trigger. It is performed at the subsystem level and at LAT level, both on the ground and on orbit.

At the subsystem level, to measure the TREQ alignment of individual Towers or ACD tiles, the LAT will be configured to trigger on an external muon telescope along with TKR, CAL-LO, CAL-HI, and ACD ROI in a logical OR.  The GEM condition arrival time for each trigger will be measured, and the mean and jitter computed.  Because only a fraction of CAL FHE thresholds can be set low enough to trigger on muons, the arrival time of CAL-HI is collected for informational purposes only.  

To test the TREQ alignment of the ACD at the LAT level, the LAT will be configured to enable only the undelayed TKR trigger to open the GEM window (i.e. trigger on TKR).  With all ACD tiles grouped into ROIs, and a fixed delay applied, the GEM ROI condition arrival time will be measured and the arrival time associated with its proper tile by inspection of the GEM Veto list.

To measure the TREQ alignment of TKR and CAL at the LAT level, the LAT will be configured to enable only the undelayed ACD ROI to open the trigger window, and the GEM condition arrival time for TKR, CAL-LO, and CAL-HI will be measured.  CAL thresholds will be set to values near their noise floor (note again that CAL-HI arrival time is not reliably measured on the ground).

On orbit, the consistency of the TKR, CAL-LO, and CAL-HI condition arrival times will be measured with heavy cosmic rays and high energy photons (i.e. those that deposit at least a few times the FLE or FHE threshold energy).  Similarly, the consistency of the TKR and ACD ROI condition arrival times will be measured for selected cosmic rays (lower Zs are useful for ACD timing).

We expect that eight TKR and CAL Modules will be TREQ-aligned by the subsystem-level test, with the external muon telescope trigger.  After integration, the ACD will be TREQ-aligned using the undelayed TKR trigger reference.  Finally, the TKR and CAL will be TREQ-aligned using the ACD trigger reference, and the optimal values compared against the previously aligned Towers.

4.2.5.1.3.2 Subsystem TACK Delay Test

This test determines the optimal trigger output (TACK) delay for each subsystem.  It is performed at the subsystem and LAT level, the latter both on the ground and on orbit.

At the subsystem level, to determine the optimal TACK delay for individual Towers or ACD tiles, the LAT trigger masks will be configured to trigger on the external muon telescope or the TKR, as appropriate. The TACK delays for TKR, CAL, and/or ACD PHA (as appropriate) will be scanned over the applicable range simultaneously.  The optimal TACK delay will be determined by analysis of the pulse heights for the CAL and ACD and hit multiplicity for the TKR.  

At the LAT level, after the ACD is integrated, the TACK delay for ACD PHA, TKR, and CAL will be optimized with the LAT configured to trigger on TKR.  Again, the optimal TACK delay will be determined by analysis of pulse heights for CAL and ACD PHA and hit multiplicity for TKR.

For tests on orbit, the trigger will be the TKR in coincidence with the ACD CNO to provide a modest rate of medium cosmic rays, and TKR in coincidence with ACD ROI prescaled to provide a modest rate of protons and helium.  The event data will be analyzed off line to select clean cosmic ray tracks and identify their charge, from which the TACK optimization can be derived.

We expect the following test flow.  The TACK optimization of the first eight TKR and CAL Modules will be performed by the subsystem-level test, with TKR trigger.  After integration, the TACK delay for the ACD PHA, TKR, and CAL will be optimized using the TKR trigger reference, and the optimal values compared against the previously optimized Towers.

4.2.5.1.3.3 Trigger Efficiency Test

This test determines the LAT trigger efficiency.  It is performed at the LAT level.  Ground tests of trigger efficiency are performed with sea-level muons.  On-orbit tests are performed with photon and cosmic ray events.

This test will simultaneously activate TKR, CAL-LO and ACD triggers to collect data with the LAT. Offline analysis will use a subset of the triggers to select unbiased event samples for testing the efficiency of the trigger not used in the selection.  

To test the TKR trigger efficiency, events will be selected requiring CAL-LO trigger with the threshold set to trigger on muons (for ground test).  Tracks will be imaged with CAL and ACD, and the expected hit towers will be compared with the TKR trigger vector in the GEM.

To test the CAL trigger efficiency, events will be selected requiring the TKR trigger.  Extrapolated TKR tracks will be compared to the CAL-LO and CAL-HI vectors in the GEM.  CAL-HI efficiency can be measured only on orbit.

To test the ACD trigger efficiency, events will be selected requiring the TKR trigger, and the ACD ROIs will be defined as for flight.  Extrapolated TKR tracks will be compared to the GEM veto list.

The efficiency test runs will be run at two different GEM trigger window widths to verify the trigger latching coincidence has reached asymptotic level.  

For on-orbit verification of the trigger efficiency, the same process will be followed, but the CAL-LO threshold will be raised to the flight-nominal value (~100 MeV).  

4.2.5.1.3.4 ACD Veto Efficiency Test

This test verifies functionality and efficiency of the ACD Veto.  It is performed at the LAT level with muons for ground test and cosmic ray events on orbit.

The LAT will be configured to trigger on CAL-LO with the threshold set to trigger on muons (for ground test) in logical OR with TKR vetoed by ACD ROI.  Extrapolated TKR tracks of events triggered by CAL LO give an unbiased muon population from which to find the leakage rate of TKR triggers not vetoed by the ACD ROI or possible false vetoes.  

4.2.5.1.3.5 ACD Trigger Rate Test

This test is executed prior to LAT Level test only, but the test script will be ported to LICOS to allow the test to be repeated at a later date if the observed performance of the ACD suggests that the tile trigger rates have changed.

The ACD Trigger Rate test maps the ACD single-tile trigger rate and searches for hot trigger channels.  It is performed at the LAT level on the ground and on orbit.

The LAT will be configured to trigger on ACD ROIs, with ROIs created from groups of ACD tiles on the same plane.  Prescaling to reduce the rate to an acceptable value for readout is permitted.  The trigger rate from each tile will be mapped from the GEM veto list and hot trigger tiles identified as outliers.  Note that ACD high trigger rates from an ACD tile would mostly likely be caused by a noisy Photo Multiplier Tube (PMT).  Each tile is read by two PMTs.  If a high tile trigger rate is detected, a diagnostic test will be run to determine which PMTs related to the tile is noisy. 

This test will be repeated at intervals on orbit to verify that the hot tile list has not changed.

4.2.5.1.3.6 GEM Self-Integrity Tests

These tests verify consistency between event data and trigger vectors.  They are performed at the LAT level on the ground and on orbit.

Data from the Trigger Efficiency Test will be analyzed to check the consistency between (a) the Condition Summary word versus the TKR, CAL, and ROI vectors, (b) the condition arrival times versus the TKR, CAL, and ROI vectors, (c) the TKR and CAL event data and the TKR and CAL vectors, (d) the Veto list and the ROI, and (e) delta event time, delta window time, livetime, prescaled event, and discarded event statistics counters.

4.2.5.1.3.7 GEM Trigger Engine Test

This test verifies the trigger engine functionality and the jitter inherent in the trigger system.  It is performed at the LAT level on the ground and on orbit.

Each trigger engine in succession is set to the periodic trigger for a given period of time.  The trigger count for each engine is then compared to the expected count.  In addition, the GEM condition arrival time is measured during the test of each engine.  This test can also be performed on orbit with flight trigger configurations by rotating the trigger logic definitions among the engines and verifying consistency over time. 

4.2.5.1.3.8 ACD Channel Uniformity Test

This test measures the GEM condition arrival time of ACD ROI and HLD (CNO) signals with charge injection, and verifies the GEM ACD veto list channel map.  This test can be performed either before or after the ACD is integrated into the LAT.  It is a prerequisite for establishing the ACD channel connectivity and uniformity prior to execution of the remainder of the ACD tests.  Verification through EGSE software (LATTE 4) shall be sufficient; FSW is not required.

Charge will be injected one tile at a time, and the GEM ROI condition arrival time will be measured and the GEM Veto list verified against the injected tile.  Charge will then be injected at maximum level one tile at a time, and the HLD threshold lowered sufficiently to trigger.  The CNO condition arrival time will be measured and the hit list verified.

4.2.5.1.4 LAT Level Trigger Test Sequence

4.2.5.1.4.1 CAL, TKR TREQ Timing Alignment Test (ACD ROI Reference Trigger)

This test verifies the timing alignment and jitter for the TKR and CAL-LO trigger inputs to the GEM by examining their arrival time at the GEM with respect to the undelayed ACD ROI reference.  This test is executed multiple times in sequence, each including a subset of the ACD tiles selected to form an ROI appropriate for individual Towers.  TREQ alignments are reported for Towers individually.  It uses the script triggerTimeIn_new.py.

Execution of this test in Phase 2 provides the final CAL and TKR trigger request alignment and, together with 6.7.2.17.2.2, provides final verification of the Trigger Input Time Adjust requirement (T&DF 3-11).

4.2.5.1.4.2 ACD TREQ Timing Alignment Test (TKR Reference Trigger)

This test verifies the timing alignment and jitter for the ACD trigger inputs to the GEM by examining their arrival time at the GEM with respect to the undelayed TKR reference.  Results are reported for tiles individually.  The test uses the script triggerTimeIn_new.py.

Execution of this test in Phase 2 provides the final ACD trigger request alignment and, together with 6.7.2.17.2.1, provides final verification of the Trigger Input Time Adjust requirement (T&DF 3-11).

4.2.5.1.4.3 Subsystem TACK Delay Test

This test determines the optimal TACK delay for the ACD PHA, TKR, and CAL using the TKR as the trigger source.  The optimal TACK delay will be determined by maximizing pulse heights for ACD PHA and CAL and hit multiplicity for TKR.  The test uses the script multiTowerTimeInSuite.py.

Execution of this test at the LAT Level provides the final ACD, TKR, and CAL readout time optimization and provides final verification of the Trigger Acknowledge Latency requirement (T&DF 3-17).

4.2.5.1.4.4 GEM Trigger Engine Test

This test verifies the functionality and consistency of the trigger engines.  Each trigger engine in succession is set to the periodic trigger for a given period of time.  The trigger count for each engine is then compared to the expected count.  The jitter of the trigger condition arrival times for periodic triggers is measured.

Execution of this test provides final verification of the L1 Trigger Timing Jitter requirement (T&DF 3-19).

4.2.5.1.4.5 Trigger Efficiency Test

This test determines the trigger efficiency of the individual detector subsystems.  This test will simultaneously activate TKR, CAL-LO and ACD triggers to collect data with the LAT. Offline analysis will use a subset of the triggers to select unbiased event samples for testing the efficiency of the trigger not used in the selection.  This test uses the suite effSuite.py.

Execution of this test, together with 6.7.2.17.2.6, at the LAT Level provides final verification of the Cross Trigger Monitoring requirement (T&DF 3-13).

4.2.5.1.4.6 ACD Veto Efficiency Test

This test verifies functionality and efficiency of the ACD Veto.  The LAT will be configured to trigger on CAL-LO with the threshold set to trigger on muons in logical OR with TKR vetoed by ACD ROI.  Extrapolated TKR tracks of events triggered by CAL LO give an unbiased muon population.  From this population, the leakage rate of TKR triggers not vetoed by the ACD ROI – and the rate of possible false vetoes – can be measured.  This test uses the suite effSuite.py.

Execution of this test, together with 6.7.2.17.2.5, at the LAT provides final verification of the Cross Trigger Monitoring requirement (T&DF 3-13).

4.2.5.1.4.7 GEM Self-Integrity Test

This test is comprised entirely of off-line analysis of the Phase 2 Trigger Efficiency and ACD Veto Efficiency test data sets.  There is no additional test setup or acquisition time.

Execution of this test in Phase 2 provides final verification of the LAT Deadtime (LPS 47) and Trigger Deadtime requirements (T&DF 3-21).

LAT211 – LAT Configuration 1 Timing Measure & Adjust

Purpose/Description:
 LAT211, Configuration 1, measures and/or adjusts LAT level timing as necessary for the following parameters: 1) ACD Hold Delays; 2) ACD Hit Map Timing; 3) ACD TACK Delays; 4) CAL-Lo TREQ Delay; 5) CAL-Hi TACK Delay; 6) TKR TREQ Delays; 7) TKR TACQ Delays; 8) Trigger Window; and 9) Deadtime.  LAT211 performs the TREQ Alignment Test, TACK Scan Test, GEM Trigger Engine Test, Trigger Efficiency Test, and VETO Efficiency Test implemented by the following test scripts at minimum:  a) triggerTimeIn_new.py; b) multiTowerTimeInSuite.py; c) GemTriggerEngine.py; d) effSuite.py.  Additional test scripts may be required to verify the requirements specified in 1) below.

Success Criteria:
LAT211-1 For each function specified in 6.7.2.17.3.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT211-2 For each requirement specified in 6.7.2.17.3.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT211-3 Event contribution data indicates that all triggers generated by the detectors are received and processed by the T&DF.  Source – SF32
LAT211-4 Successful time in of the LAT demonstrates the Trigger timing can be adjusted.  Source – SF33 and LVP296
LAT211-5 Event contribution data indicates that all triggers generated by the detectors received a TACK response from the T&DF unless they were received in a Deadtime period.  Source – SF34 and LVP22
LAT211-6 Event data was not received at the science data port for any of the detector channels that were masked.  Source – SF35
LAT211-7 The Livetime measurement between two events is shown to be accurate by comparing the time between any 2 events were Livetime exists and the time measured by the LAT.  Source – SF36
LAT211-8 Trigger primitive data was provided with each event.  Source – SF37
LAT211-9 When the Hardware Prescale is set one only every other event detected is passed to the science data port.  Source – SF64
LAT211-10 The minimum spacing between any two events does not exceed 30 uS unless those events were separated in time by more than 30 uS.  Source – SF65, LVP303, and LVP308
LAT211-11 Each trigger engine when selected produced the expected results, i.e. only the events that should have opened a Trigger window did so and those that should not have produced and TACK did not.  Source – SF66, SF67, SF68, and LVP304
LAT211-12 Tracker 3-in-a-Row TREQs were successfully timed in by the execution of this test.  Source – IC1
LAT211-13 ACD VETOs were successfully timed in and ACD VETOs inhibited event data during the execution of this test.  Source – IC2 and SF1
LAT211-14 ACD CNO TREQs were successfully timed in by the execution of this test.  Source – IC3
LAT211-15 CAL-Lo TREQs were successfully timed in by the execution of this test.  Source – IC4 and LVP273
LAT211-16 CAL-High TREQs were successfully timed in by the execution of this test.  Source – IC5 and LVP274
LAT211-17 TACKs were successfully timed in by the execution of this test.  Source – IC6
LAT211-18 Periodic and solicited trigger timing was successfully varied during the execution of this test.  Source – IC7
LAT211-19 Successful completion of this test demonstrates the LAT can be timed in on-orbit.  Source – LVP45

LAT211-20 Throughout the course of this test triggers verify that triggers detected in one part of the instrument do not create false triggers in another part of the instrument (i.e. a trigger is received but the data read-out is not above threshold).  Source – LVP297

LAT211-21 The measured trigger latency does not exceed 1.3 uS. Source - LVP299

LAT211-22 The measured trigger jitter does not exceed +/- 50 nS.  Source – LVP301
LAT211-23 The event data received with an event is the same data that corresponds to the trigger that caused the event to be read-out.  Source – LVP310
LAT211-24 The deadtime of the instrument can be adjusted by settings within the LAT.   Source – LVP326
4.2.5.1.4.8 LAT211 – Functions Validated

The test case LAT211 shall perform, in Configuration 1, the tests specified below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

433) SF1 – ACD VETO

Verify the ACD VETO signals can be used to prevent the read-out of coincident events.

434) SF32 – T&DF Trigger Monitoring

Verify the T&DF detects Trigger-Requests (TREQs) from the detectors by performing a muon run and observing the contribution data provided in the event data stream and demonstrating statistically that  TREQs are received from each detector at the rate they are expected.

435) SF33 – T&DF Trigger Time Adjust

Run the TACK Scan Test and demonstrate the T&DF can adjust the time at which a TACK is issued by successfully timing in the LAT.

436) SF34 – T&DF Trigger Acknowledgement

Run a TACK Scan Test and demonstrate the T&DF issues TACKs for each TREQ sent by the Detectors.

437) SF35 – T&DF TACK Inhibit

Successful execution of the TREQ Alignment Test and the TACK Scan Test will demonstrate that the T&DF can mask (inhibit) TACKs from each of the detectors.

438) SF36 – T&DF Livetime Measurement

During the TACK Scan Test collect statistics and verify that the Livetime measurement provided in the GEM Contribution data is equal to the elapsed Livetime between the events for which it is measured.

439) SF37 – T&DF Event Trigger Primitive Data

During the TREQ Alignment Test, collect AEM, GEM, and TEM trigger primitive data and show that there is a trigger noted in the data for every trigger that are induced by charge injection.

440) SF64 – Hardware Prescale

Utilize the Hardware Prescale function during the GEM Trigger Engine Test and verify the GEM, set the Prescale to 1 for each Trigger Engine, and verify that the GEM passes every other event.

441) SF65 – T&DF Deadtime Measurement
During the TACK Scan Test, collect event data and verify that the minimum spacing events measured by the GEM and provided in the GEM contribution data is less than 30 uS.

442) SF66 – Trigger Engine Selection
During the GEM Trigger Engine Test, verify the each of the 16 distinct Trigger Engines can be selected by telecommand and utilized as described in SF67 below.

443) SF67 – Trigger Engine Function

During the GEM Trigger Engine Test, verify the correct function of each trigger engine, i.e. that when selected, that only the events that meet the criterion of that engine are allowed to open a trigger window, i.e. generate a TACK.

444) SF68 – Trigger Inhibit

During the GEM Trigger Engine Test, verify that each trigger source, when high, can inhibit the generation of a TACK to entire LAT.

445) IC1 – Tracker 3-in-a-Row Timing

During the TREQ Alignment Test and TACK Scan Test, demonstrate that Tracker 3-in-a-Row trigger signals can be aligned such that TOT peak can be aligned for read-out from the Tracker.

446) IC2 – VETO Timing

During the TREQ Alignment Test and TACK Scan Test, demonstrate that ACD VETO signals can be aligned such that MIP peaks can be aligned for read-out from the ACD.

447) IC3 – CNO Timing

During the TREQ Alignment Test and TACK Scan Test, demonstrate that ACD CNO signals can be aligned such that CNO MIP peaks can be read-out from the ACD.

448) IC4 – CAL-Lo Timing

During the TREQ Alignment Test and TACK Scan Test, demonstrate that CAL-Lo signals can be aligned such that energy peaks can be aligned and read-out from the CAL.

449) IC5 – CAL-High Timing

During the TREQ Alignment Test and TACK Scan Test, demonstrate that CAL-High signals can be aligned such that CNO MIP peaks can be read-out from the CAL.

450) IC6 – TACK Timing

During the TACK Scan Test, demonstrate that TACK signal timing can be changed such that the energy peaks from the Detectors can be aligned.

451) IC7 – Periodic & Solicited Trigger Timing

During the TACK Scan Test, demonstrate that Periodic & Solicited Trigger signal frequency can be varied.

4.2.5.1.4.9 LAT211 – Requirement Verification

The test case LAT211 shall perform, in Configuration 1, the tests specified below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

452) LVP22/LPS47 – Deadtime

Verification: T5
453) LVP45/LPS587 – LAT In-Orbit Checkout

Verification: D5

454) LVP273/CAL3-71 – Low Energy Trigger Signal

Verification: T5
455) LVP274/CAL3-74 – High Energy Trigger Signal

Verification: T5
456) LVP296/TDF3-11 – Trigger Input Time Adjust

Verification: T5
457) LVP297/TDF3-13 – Cross-Trigger Monitoring

Verification: T5
458) LVP301/TDF3-19 – L1 Trigger Timing Jitter

Verification: T5
459) LVP303/TDF3-21 – T&DF Trigger Deadtime Contribution

Verification: A5 
460) LVP304/TDF3-23 – L1 Trigger Acknowledge Blocking

Verification: T5

461) LVP307/TDF3-27 – Deadtime Contributions

Verification: D5
462) LVP308/TDF3-29 – L1 Trigger Deadtime Reporting Accuracy

Verification: T5

463) LVP310/TDF3-33 – Trigger Specific Event Data

Verification: T5
464) LVP318/TDF3-51 – Event Data Filtering

Verification: T5

4.2.5.1.4.10 LAT211 – Required Parameter Measurements/Calculations

The test case LAT211 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
LAT212 – LAT Configuration 2 Timing Measure & Adjust

Purpose/Description:
LAT212, Configuration 2, measures and/or adjusts LAT level timing as necessary for the following parameters: 1) ACD Hold Delays; 2) ACD Hit Map Timing; 3) ACD TACK Delays; 4) CAL-Lo TREQ Delay; 5) CAL-Hi TACK Delay; 6) TKR TREQ Delays; 7) TKR TACQ Delays; 8) Trigger Window; and 9) Deadtime.  LAT211 includes the following test scripts at minimum: a) triggerTimeIn_new.py; b) multiTowerTimeInSuite.py; c) GemTriggerEngine.py; d) effSuite.py.  Additional test scripts may be required to verify the requirements specified in 6.7.2.17.4.2 below.

Success Criteria:
The success criteria for LAT212 are identical to those specified for LAT211 and described in 6.7.2.17.3 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.4.11 LAT212 – Functions Validated

Unless otherwise noted below, the test case LAT212 shall perform, in Configuration 2, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.  

4.2.5.1.4.12 LAT212 – Requirement Verification

Unless otherwise noted below, the test case LAT212 shall perform, in Configuration 2, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
4.2.5.1.4.13 LAT212 – Required Parameter Measurements/Calculations

The test case LAT212 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.

LAT Science Operations Demonstration

The LAT Science Operations Demonstration performs three major functions:

465) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port. 
466) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic neutral events (verifies the filter really rejects charged particles).  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

467) Utilizing either the LAT configuration defined for item 1 or item 3 collect enough muons in each of the redundancy configurations (2-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.
LAT221 – LAT Configuration 1 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 1, LAT221 performs three major functions:

468) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.
469) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.
470) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.
Success Criteria: 
LAT221-1 For each function specified in 6.7.2.18.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering.
LAT221-2 For each requirement specified in 6.7.2.18.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT221-3 All configuration files loaded, executed, verified, and applied to the Instrument during the performance of this test.  Source – IN36, IN37, IN38,and IN40
LAT221-4 Successful completion of this test demonstrates, for each redundancy configuration this test is run, the cross-strapped LAT-Spacecraft science data interface and the GASU-EPU interfaces.  Source – IN67
LAT221-5 The rate at which the Low Rate Science Counters incremented during the test was consistent with the expected event rate for the test.  Source – ACD-F35, CAL-F28, TKR-F16, and SF62

LAT221-6 The successful reprogram and selection of the FSW filters to perform both the muon filter and flight filter data runs validate these functions.  Source – SF55 and SF56
LAT221-7 The number of events indicated in the contribution data were statistically consistent with the threshold settings in use.  Source – IC15
LAT221-8 For each filter and unfiltered event that data seen on the science data is constructed per the FSW-ISOC ICD, for filter events only those events with sufficient energy to pass the filter appear on the science data port, the contents are consistent with the events they represent, and the data is delivered to the Science Data port at a rate equivalent to the expected filtered rate.  Source – IC16, IC17, IC18, and IC19
LAT221-9 Successful completion of the on-orbit filter run demonstrates the on-orbit configuration.  Source – LP7
4.2.5.1.4.14 LAT221 – Functions Validated

The test case LAT221 shall perform, in Configuration 1, the tests which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

471) IN36 – Configuration File Upload

At least once for each SIU (prime and redundant), upload and store for later execution the configuration files necessary to establish the Baseline Science Operations configuration.  Verify the contents of the binary files in the appropriate location in SIU memory by Memory Dump.

472) IN37 – Configuration File Execution

At least once for each SIU (prime and redundant), execute the configuration files uploaded for IN36 above.  Verify the proper execution and register contents via telemetry.  Note that LAT must be returned to its default configuration at the completion of this test.  
473) IN38 – Configuration File Execution Verification

At least once for each SIU (prime and redundant), after each Configuration file upload in IN37 above, command the FSW to readback all LAT configuration registers.  Verify the appropriate register contents changed to the values specified and that those registers not reconfigured remained in their previous state.

474) IN40 – Configuration Change Application
At least once for each SIU (prime and redundant), verify after the Configuration files for IN37 above are invoked that the FSW reports all configuration changes via the Science Data port consistent with the config files actually executed.
475) IN67 – Cross-Strapped Interfaces

Demonstrate, by successfully collecting all science data during this test without transport errors, that each internal and external interface through which event data is passed, in the active configuration is functioning properly and that a copper path exists.

476) ACD-F35 – ACD Low Rate Science Counters

During the ACD CPTs, verify the Low Rate Science counters count each ACD VETO in the tile they are counting for each time charge is injected above threshold or a cosmic ray strikes a tile with energy that is above threshold.

477) CAL-F28 – CAL Low Rate Science Counters

During the CAL CPTs, verify the Low Rate Science counters count each CAL-Low and CAL-High trigger for each time charge is injected above threshold or a cosmic ray strikes a tile with energy that is above threshold.

478) TKR-F16 – TKR Low Rate Science Counters

During the TKR CPTs, verify the Low Rate Science counters count each TKR trigger for each time charge is injected above threshold or a cosmic ray strikes an SSD with energy that is above threshold.

479) SF62 – Low Rate Science Data

Verify the rate of LRS counter increment in the GEM contribution data is consistent with the expected event rate for this test.

480) IC15 – Event Detection

During the muon data runs, collect events and verify the number of events detected is statistically consistent with the threshold settings utilized.

481) IC16 – Event Filter

During the Muon Filter and On-Orbit Filter runs, collect events and verify the number of events provided at the Science Data Port is statistically consistent with the rate of construct of events expected with the filter settings.

482) IC17 – Event Building

During all event data runs, verify that the data assembled by the flight software into a single event is consistent with the event contribution data and the current configuration of the Instrument.

483) IC18 – Event Data Delivery

During all event data runs, verifying that each unfiltered event is delivered to the Science Data port and that in the mode when the filter is off, all events are delivered to the Science Data port.

484) IC19 – Event Data Contents
During all event data runs, verifying that the data assembled by the flight software into a single event for each contains all the information required to determine event energy, event source location, observatory location and attitude, event time, and the Instrument configuration.

485) LP7 – On-Orbit Configuration Demonstration
During the On-Orbit Filter run, demonstrate the on-orbit science data taking configuration by collecting event data for 1 hour and verifying the event construct, energy, and rate is consistent with photons collected on the ground.
4.2.5.1.4.15 LAT221 – Requirement Verification

The test case LAT221 shall perform, in Configuration 1, the tests that verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

486) LVP56/LPS246 – LAT Inertial Coordinate System

Verification: T5

487) LVP57/LPS248 – Right Ascension and Declination

Verification: T5

488) LVP85/LPS560 – Ancillary Data to Ground

Verification: T5

489) LVP307/TDF3-27 – Deadtime Contributions

Verification: T5
490) LVP309/TDF3-31 – Trigger Specific Event Data

Verification: D5 
491) LVP316/TDF3-47 – Event Data Readout

Verification: D5 

492) LVP317/TDF3-49 – Event Data Overwrite

Verification: D5 
493) LVP320/TDF3-154 – Science Data Interface

Verification: D5 

494) LVP425/LPS1267 – Continuous Science Data

Verification: D5 

LAT222 – LAT Configuration 2 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 2, LAT222 performs three major functions:

495) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.

496) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

497) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

Success Criteria:
The success criteria for LAT222 are identical to those specified for LAT221 and described in 6.7.2.18.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.4.16 LAT222 – Functions Validated

Unless otherwise noted below, the test case LAT222 shall perform, in Configuration 2, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.4.17 LAT222 – Requirement Verification

Unless otherwise noted below, the test case LAT222 shall perform, in Configuration 2, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT223 – LAT Configuration 3 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 3, LAT223 performs three major functions:

498) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.

499) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

500) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

Success Criteria:
The success criteria for LAT223 are identical to those specified for LAT221 and described in  6.7.2.18.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.
4.2.5.1.4.18 LAT223 – Functions Validated

Unless otherwise noted below, the test case LAT223 shall perform, in Configuration 3, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.4.19 LAT223 – Requirement Verification

Unless otherwise noted below, the test case LAT223 shall perform, in Configuration 3, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT224 – LAT Configuration 4 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 4, LAT224 performs three major functions:

501) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.

502) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

503) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

Success Criteria:
The success criteria for LAT224 are identical to those specified for LAT221 and described in  6.7.2.18.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4.
4.2.5.1.4.20 LAT224 – Functions Validated

Unless otherwise noted below, the test case LAT224 shall perform, in Configuration 4, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.4.21 LAT224 – Requirement Verification

Unless otherwise noted below, the test case LAT224 shall perform, in Configuration 4, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT225 – LAT Configuration 5 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 5, LAT225 performs three major functions:

504) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.

505) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

506) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

Success Criteria:
The success criteria for LAT225 are identical to those specified for LAT221 and described in  6.7.2.18.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 5. 
4.2.5.1.4.22 LAT225 – Functions Validated

Unless otherwise noted below, the test case LAT225 shall perform, in Configuration 5, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.4.23 LAT225 – Requirement Verification

Unless otherwise noted below, the test case LAT225 shall perform, in Configuration 5, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.
LAT226 – LAT Configuration 6 Science Operations Demonstration

Purpose/Description:
In LAT Configuration 6, LAT226 performs three major functions:

507) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port.   The function of the Low Rate Science counters is also verified in this test.

508) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic events.  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

509) Utilizing either the LAT configuration defined for item 1 collect enough muons in each of the configuration (1-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

Success Criteria:
The success criteria for LAT226 are identical to those specified for LAT221 and described in  6.7.2.18.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 6.
4.2.5.1.4.24 LAT226 – Functions Validated

Unless otherwise noted below, the test case LAT226 shall perform, in Configuration 6, the tests indicated in 6.7.2.18.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.4.25 LAT226 – Requirement Verification

Unless otherwise noted below, the test case LAT226 shall perform, in Configuration 6, the tests indicated in 6.7.2.18.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT GRB Handling

Verify the LAT properly handles and responds to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

LAT231 – LAT Configuration 1 GRB Handling

Purpose/Description:
LAT231 verifies in Configuration 1 that the prime LAT and prime SC properly handle and respond to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

Success Criteria:
LAT231-1 For each function specified in 6.7.2.19.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT231-2 For each requirement specified in 6.7.2.19.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT231-3 An alert and ARR was received at the Spacecraft (VSC) within 5 seconds of the receipt of every “GRB” the LAT detected and identified as a “GRB” or was indicated by the GBM (VSC).  GBM identified GRBs had the corrected interchange of telecommands between the LAT and GBM.   Source – SF58, SF59, IC20, LVP24, LVP74, LVP81, LVP247, LVP250, LVP251, LVP252, LVP254, and LVP255
LAT231-4 The LAT transitioned between Physics mode, ARR mode, and back when a “GRB” was detected or indicated by the GBM (VSC) and a Go decision is provided by the Spacecraft (VSC).  Source – SF60, LVP75, and LVP80
LAT231-5 The LAT filtered events for GRBs, built those GRB events, and delivered those GRBs to the science data port.  Source – IC21, IC22, and IC23
LAT231-6 The ARR is provided and the GRB position data is reported, in the LAT inertial coordinate system using RA and DEC, and the GRBs are statistically consistent with the angular distribution of the “GRBs” identified.   Source – LP4, LP5, LVP23, LVP56, LVP57, LVP82, LVP248
LAT231-7 The “GRB” energy reported is consistent with the GRB filter settings in the LAT, i.e. the energy is measured is above the filter levels and is the same as the energy deposit in the CAL for the reported “GRB”.  Source – LP6
4.2.5.1.4.26 LAT231 – Functions Validated

The test case LAT231 shall perform, in Configuration 1, tests which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

510) SF58 – GBM Message Response

Simulate a GRB using the VSC and verify the LAT correctly responds with the appropriate sequence of telecommands to the GBM across the 1553, a GRB alert message is sent in the Diagnostic telemetry stream, and ARR is issued to the spacecraft on the 1553, the LAT enters ARR mode following receipt of an ARR entry telecommand from the spacecraft (VSC), and the LAT collects and provides at the science data port correct information.

511) SF59 – GBM Notification

Simulate a GRB using the VSC to send an Immediate Trigger Signal (ITS) and verify the LAT correctly responds with the appropriate a GRB alert message in the Diagnostic telemetry stream.
512) SF60 – GRB Mode Transitions

Simulate a GRB using the VSC and verify the LAT transitions to the ARR mode and then returns to Physics mode when the ARR collection is complete.

513) IC20 – GRB Detection

During the GRB data runs, collect events and verify the “GRBs” detected are statistically consistent with the threshold settings utilized.

514) IC21 – GRB Filter

During the GRB runs, collect events and verify the number of “GRBs” provided at the Science Data Port is statistically consistent with the rate of construct of “GRBs” expected with the filter settings.

515) IC22 – GRB Building

During the “GRB” data runs, verify that the data assembled by the flight software into a GRB is consistent with the event contribution data and the current configuration of the Instrument.

516) IC23 – GRB Data Delivery

During all “GRB” data runs, verify that each “GRB” is delivered to the Science Data port.

517) LP4 – GRB Angular Resolution

During the “GRB” data runs, verify that the “GRBs” collected are statistically distributed in angle relative to the LAT as would be expected for CR angle distribution.  Actual verification of the GRB angular resolution is performed on the testbed.

518) LP5 – GRB Position Resolution

During the “GRB” data runs, verify that the “GRBs” collected are statistically distributed in angle relative to the LAT as would be expected for CR angle distribution.  Actual verification of the GRB angular resolution is performed on the testbed.
519) LP6 – GRB Energy Measurement
During the “GRB” data runs, verify that the energy measured in the “GRBs” is as expected.
4.2.5.1.4.27 LAT231 – Requirement Verification

The test case LAT231 shall perform, in Configuration 1, tests which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

520) LVP23/LPS50 – GRB Location Accuracy

Verification: T5

521) LVP24/LPS53 – GRB Notification Time to Spacecraft

Verification: T5

522) LVP56/LPS246 – LAT Inertial Coordinate System

Verification: T5

523) LVP57/LPS248 – Right Ascension and Declination

Verification: T5

524) LVP74/LPS553 – Autonomous Repointing

Verification: T5
525) LVP75/LPS555 – Go/No-Go Decision Making

Verification: T5
526) LVP76/LPS556 – Automatic Resume

Verification: T5
527) LVP80/LPS266 – GRB Event Response

Verification: T5

528) LVP81/LPS268 – GRB Alert Transmission

Verification: T5

529) LVP82/LPS270 – GRB Repoint Request

Verification: T5 
530) LVP247/LPS858 – LAT Generated Burst Alert Telemetry 

Verification: D5
531) LVP248/LPS860 – LAT Autonomous Repoint Telecommand 

Verification: T5
532) LVP250/LPS864 – LAT Telecommands to the GBM 

Verification: T5
533) LVP251/LPS868 – Immediate Trigger Signal 

Verification: D5
534) LVP252/LPS870 – GBM Telecommands to the LAT 

Verification: D5
535) LVP254/LPS905 – LVDS Immediate Trigger Signal Interface

Verification: D5
536) LVP255/LPS876 – Immediate Trigger Signal Frequency

Verification: T5
537) LVP257/LPS883 – Immediate Trigger Signal Redundancy

Verification: T5

538) LVP479/LPS1354 – LAT Repoint Message Format

Verification: D5

539) LVP549/LPS1503 – LAT to GBM Interface Signal Logic

Verification: D5

540) LVP553/LPS1556 – LAT to GBM Initial Telecommand – LAT Detected GRB

Verification: T5

541) LVP554/LPS1557 – LAT to GBM Closeout Telecommand – LAT Detected GRB

Verification: T5

542) LVP555/LPS1558 – LAT to GBM Closeout Telecommand Format

Verification: T5

543) LVP556/LPS1559 – LAT to GBM Telecommand Timing

Verification: T5

544) LVP557/LPS1560 – LAT to GBM Telecommand Sequence

Verification: T5

545) LVP557/LPS1594 – LAT to GBM Telecommand Sequence

Verification: T5

546) LVP560/LPS1595 – LAT to GBM Telemetry Packet Sequence

Verification: T5

Verification: T5LAT232 – LAT Configuration 2 GRB Handling

Purpose/Description:
LAT232 verifies in Configuration 2 that the redundant LAT and redundant SC properly handle and respond to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

Success Criteria:
The success criteria for LAT232 are identical to those specified for LAT231 and described in 6.7.2.19.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.

4.2.5.1.4.28 LAT232 – Functions Validated

Unless otherwise noted below, the test case LAT232 shall perform, in Configuration 2, the tests indicated in 6.7.2.19.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.4.29 LAT232 – Requirement Verification

Unless otherwise noted below, the test case LAT232 shall perform, in Configuration 2, the tests indicated in 6.7.2.19.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT233 – LAT Configuration 3 GRB Handling

Purpose/Description:
LAT233 verifies in Configuration 3 that the prime LAT and redundant SC properly handle and respond to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

Success Criteria:
The success criteria for LAT233 are identical to those specified for LAT231 and described in 6.7.2.19.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 3.

4.2.5.1.4.30 LAT233 – Functions Validated

Unless otherwise noted below, the test case LAT233 shall perform, in Configuration 3, the tests indicated in 6.7.2.19.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.4.31 LAT233 – Requirement Verification

Unless otherwise noted below, the test case LAT233 shall perform, in Configuration 3, the tests indicated in 6.7.2.19.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT234 – LAT Configuration 4 GRB Handling

Purpose/Description:
LAT234 verifies in Configuration 4 that the redundant LAT and prime SC properly handle and respond to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

Success Criteria:
The success criteria for LAT234 are identical to those specified for LAT231 and described in 6.7.2.19.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 4 .

4.2.5.1.4.32 LAT234 – Functions Validated

Unless otherwise noted below, the test case LAT234 shall perform, in Configuration 4, the tests indicated in 6.7.2.19.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 
4.2.5.1.4.33 LAT234 – Requirement Verification

Unless otherwise noted below, the test case LAT234 shall perform, in Configuration 4, the tests indicated in 6.7.2.19.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT ACD Comprehensive Performance Test

The ACD CPT verifies the ACD hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the ACD in all operational modes.  The ACD CPT executes in the following sequence the test scripts AcdLeHeBiasCal.py, AcdHoldDelay.py, AcdHitmapDelay.py, AcdGafeNoise.py, AcdVetoCal.py, AcdHldCal.py, AcdTciRegRange.py, AcdTciHighRange.py, AcdPedestal.py, AcdHitmapTiming.py, AcdVetoHitmapPha.py, AcdHvbsPmtAlive.py, and AcdTriggeredOp.py.  

4.2.5.1.5 LAT Level ACD Test Definitions

The LAT Level ACD tests are executed by a series of software test scripts that execute through LICOS during LAT301 and LAT302.  The scripts are summarized below.

4.2.5.1.5.1 ACD Low Energy/High Energy Bias Calibration

The ACD Low Energy (LE)/High Energy Bias Calibration test verifies the ability to calibrate the LE and HE Bias DACs.  The AcdLeHeBiasCal.py script is executed to perform this test.  The parameters output by the script include the LE Bias Gain, LE Bias Offset, LE Bias Maximum, HE Bias Gain, HE Bias Offset, and HE Bias Maximum.

4.2.5.1.5.2 ACD Hold Delay

The ACD Hold Delay test verifies that the Hold Delay can be set and used correctly in all channels.  The AcdHoldDelay.py script is executed to perform this test.  The parameter output by the script is the Hold Delay for each channel.

4.2.5.1.5.3 ACD Hitmap Delay

The ACD Hitmap Delay test verifies that the Hitmap Delay can be set and used correctly in all channels.  The AcdHitMapDelay.py script is executed to perform this test.  The parameter output by the script is the Hitmap Delay for each channel.

4.2.5.1.5.4 ACD GAFE Noise

The ACD GLAST ACD Front End (GAFE) Noise test characterizes GAFE noise and its effect on VETO threshold.  The AcdGafeNoise.py script is executed to perform this test.  The parameters output by the script are the VETO Command for Noise Test, Vernier Sharpness, and Vernier Flatness for each channel.

4.2.5.1.5.5 ACD VETO Calibration

The ACD VETO Calibration test verifies calibration of VETO using Charge Injection.  The AcdVetoCal.py script is executed to perform this test.  The parameters output by the script are the VETO Step Size, VETO Offset, and VETO Mean Square Error (MSE) for each channel.

4.2.5.1.5.6 ACD High Level Discriminator Calibration

The ACD High Level Discriminator (HLD) Calibration test verifies the calibration of the High Level Discriminator using Charge Injection.  The AcdHldCal.py script is executed to perform this test.  The parameters output by the script are the HLD Step Size, HLD Offset, and HLD Mean Square Error (MSE) for each channel.

4.2.5.1.5.7 ACD Charge Injection Regular Range

The ACD Charge Injection Regular Range test verifies the calibration of the Low Range Pulse Height Amplifiers (PHA) using Charge Injection.  The AcdTciRegRange.py script is executed to perform this test.  The parameters output by the script are the Charge Injection Regular Range Lower Gain, Charge Injection Regular Range Lower Offset, Charge Injection Regular Range Lower Standard Deviation, Charge Injection Regular Range Lower Mean Square Error (MSE), Autorange Low Energy Step, Autorange Low Energy PHA, Autorange High Energy PHA, Charge Injection Regular Range Upper Gain, Charge Injection Regular Range Upper Offset, and Charge Injection Regular Range Upper Mean Square Error (MSE).

4.2.5.1.5.8 ACD Charge Injection High Range

The ACD Charge Injection High Range test verifies the calibration of the High Range Pulse Height Amplifiers (PHA) using Charge Injection.  The AcdTciHighRange.py script is executed to perform this test.  The parameters output by the script are the Charge Injection High Range Lower Gain, Charge Injection High Range Lower Offset, Charge Injection High Range Lower Standard Deviation, Charge Injection High Range Lower Mean Square Error (MSE), Autorange Low Energy Step, Autorange Low Energy PHA, Autorange High Energy PHA, Charge Injection High Range Upper Gain, Charge Injection High Range Upper Offset, and Charge Injection High Range Upper Mean Square.

4.2.5.1.5.9 ACD Pedestal

The ACD Pedestal test determines pedestal positions and widths.  The AcdPedestal.py script is executed to perform this test.  The parameters output by the script are the pedestal positions and widths for each channel.

4.2.5.1.5.10 ACD Hitmap Timing

The ACD Hitmap Timing test is not performed by the ACD CPT.  However, off-line analysis of muon data collected during LAT21x and LAT22x verifies that Hitmap widths and delays operate correctly, which is the intent of the AcdHitmapTiming.py script.

4.2.5.1.5.11 ACD VETO Hitmap PHA

The ACD VETO Hitmap PHA test is not performed by the ACD CPT.  However, off-line analysis of muon data collected during LAT22x and LAT70x verifies that the VETO, Hitmap, and PHA responses are compatible, which was the intent of the AcdVetoHitmapPha.py script. 
4.2.5.1.5.12 ACD HVBS PMT Alive

The ACD High Voltage Bias Supply (HVBS) Photo Multiplier Tube (PMT) Alive test is not performed by the ACD CPT.  However, off-line analysis of muon data collected during LAT22x verifies aliveness of the HVBS, PMT, and VETO using the flight HVBS settings, which is the intent of the AcdHvbsPmtAlive.py script.

4.2.5.1.5.13 ACD Triggered Operations

The ACD Triggered Operations test is not performed by the ACD CPT.  However, off-line analysis of muon data, triggered off of the TKR and ACD Regions of Interests (ROIs), collected during LAT07x, LAT22x, LAT70x, and LAT80x  are used to determine the overall performance of the ACD with cosmic ray inputs, which is the intent of the AcdTriggeredOps.py script.

LAT301 – LAT Configuration 1 ACD Comprehensive Performance Test

Purpose/Description:
LAT301 verifies in Configuration 1 that the ACD hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the ACD in all operational modes.  The ACD CPT executes in the following sequence the test scripts AcdLeHeBiasCal.py, AcdHoldDelay.py, AcdHitmapDelay.py, AcdGafeNoise.py, AcdVetoCal.py, AcdHldCal.py, AcdTciRegRange.py, AcdTciHighRange.py, AcdPedestal.py, AcdHitmapTiming.py, AcdVetoHitmapPha.py, AcdHvbsPmtAlive.py, and AcdTriggeredOp.py. 

Success Criteria:
LAT301-1 For each function specified in 6.7.2.20.2.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT301-2 For each requirement specified in 6.7.2.20.2.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT301-3 All full and delta configuration files were successfully, uploaded, invoked, and verified.  Source – IN39.

LAT301-4 ACD Trigger Mode data is provided in the Science Data by the FSW and is correct and consistent with the LAT configuration in which it was collected.  Source – SF49.

LAT301-5 ACD Zero Suppression was successfully enabled and disabled in the test. Source – ACD-F14.

LAT301-6 ACD Calibration Masks were successfully used to enable and disable charge injection to each individual ACD channel.  Source – ACD-F18.

LAT301-7 The magnitude of the charge injected into the ACD was successfully controlled by utilizing the ACD Charge Injection DACs.  Source – ACD-F19.

LAT301-8 ACD PHA Thresholds were set to the desired values command during the course of the test.  Source – ACD-F20.

LAT301-9 The ACD PHA generates a TREQ when charge is injected above threshold or a cosmic ray is received that deposits energy in a tile that exceeds the threshold setting.  Source – ACD-F21 and LVP293.

LAT301-10 The ACD produced an accurate Tile Hit Map for each event.  Source – ACD-F22.

LAT301-11 The ACD Low Energy range was selected and also disabled upon command.  Source – ACD-F23.

LAT301-12 The ACD High Energy range was selected and also disabled upon command.  Source – ACD-F24.

LAT301-13 The ACD Low Energy PHA Measurement accurately measures and reports the energy deposited in an ACD tile.  Source – ACD-F25.

LAT301-14 The ACD High Energy PHA Measurement accurately measures and reports the energy deposited in an ACD tile.  Source – ACD-F26.

LAT301-15 The ACD Low Energy Bias DACs were successfully set to the desired value when commanded.  Source – ACD-F27.

LAT301-16 The ACD High Energy Bias DACs were successfully set to the desired value when commanded.  Source – ACD-F28.
LAT301-17 ACD PHA Data Masks were successfully used to enable and disable PHA data readout for each individual ACD channel.  Source – ACD-F29.

LAT301-18 The ACD produced an accurate Hit Map and Energy Measurements at a time consistent with the Hit Map Delay settings following receipt of each TACK.  Source – ACD-F30 and LVP293.

LAT301-19 ACD VETO Data Masks were successfully used to enable and disable the issuance of a VETO from each ACD channel.  Source – ACD-F31.

LAT301-20 Charge was successfully injected into each ACD channel at the level selected in the ACD Charge Injection DAC each time charge injection was commanded.  Source – ACD-F32.

LAT301-21 ACD VETO Thresholds were successfully set to the desired values command during the course of the test.  Source – ACD-F33.
LAT301-22 ACD VETO Thresholds were accurately readout when requested.  Source – ACD-F34.

LAT301-23 ACD VETO/Vernier DAC Thresholds were successfully set to the desired value when commanded.  Source – ACD-F36.
LAT301-24 ACD CNO Data Masks were successfully used to enable and disable the issuance of a CNO from each ACD channel.  Source – ACD-F37.

LAT301-25 ACD CNO Thresholds were accurately readout when requested.  Source – ACD-F38.

LAT301-26 ACD CNO Thresholds were accurately readout when requested.  Source – ACD-F39.

LAT301-27 ACD Tile Hit Map Delays were successfully set to the desired values commanded during the course of the test.  Source – ACD-F40.

LAT301-28 ACD Tile Hit Map Widths were successfully set to the desired values commanded during the course of the test.  Source – ACD-F41.

LAT301-29 ACD HVBS SAA DACs were successfully set to the desired value when commanded.  Source – ACD-F42.

LAT301-30 ACD HVBS DACs were successfully set to the desired value when commanded.  Source – ACD-F43.

LAT301-31 The ACD CPT completes successfully and therefore demonstrates the ability of the LAT to be checkout on-orbit.  Source – LVP45

LAT301-32 The ACD CPT successfully completes and therefore demonstrates the ability of the LAT to be calibrated by collection of the ACD Trigger Mode and Charge Injection data.  Source – LVP105.
LAT301-33 The ACD CPT successfully completes and the ACD’s performance is verified when subjected to the Thermal Balance environments specified by the LAT Thermal Vacuum Test Plan, LAT-MD-1600.  Source – LVP264.
LAT301-34 The ACD CPT successfully completes and therefore demonstrates the ACD/T&DF interface.  Source – LVP271.

LAT301-35 The L1 Trigger System can determine which events are valid based on the trigger input signals from the ACD.  Source – LVP294.
LAT301-36 The L1 Trigger System accepts trigger input signals from the ACD.  Source – LVP295.

LAT301-37 The L1 Trigger System can determine which events are valid based on the trigger input signals from the ACD.  Source – LVP298.

LAT301-38 The commands to calibrate and readout are executed by the ACD.  Source – LVP328.

LAT301-39 The ACD CPT successfully completes and the ACD’s performance is verified when before, during, and after the LAT is subjected to environments.  Source – LVP332.

LAT301-40 No current transients in excess of 15 mA/uS occur on the DAQ feed and 2.5 mA/uS on the SIU and VCHP reservoir heater feeds combined.  Source – LVP415 and LVP416.
LAT301-41 The following parameters are measured and within the specified limits during the course of the ACD CPT: Mean High Energy Bias, High Energy Bias Standard Deviation, High Energy Channel Gain, Max High Energy Bias, Mean Channel Pulse Height Amplitude, Optimum Channel Hold (TACK) Delay, Mean Channel Hold Delay, Channel Hold Delay Standard Deviation, Channel Hit Map Delay,  VETO DAC Step Size, VETO Offset, VETO Mean Squared Error, Channel VETO Rate, Channel Vernier Sharpness, Channel Vernier Flatness, CNO DAC Step Size, CNO Offset, CNO Mean Squared Error, Channel VETO Counts, Channel CNO Counts, Channel Mean LE PHA as a function of Injected Charge, Channel Mean LE PHA Gain, Channel Mean LE PHA Offset, Channel Mean LE PHA Standard Deviation, Channel Mean LE PHA Mean Squared Error, Channel Mean HE PHA as a function of Injected Charge, Channel Mean HE PHA Gain, Channel Mean HE PHA Offset, Channel Mean HE PHA Standard Deviation, Channel Mean HE PHA Mean Squared Error, PHA Histogram, Channel PHA Mean, VETO Efficiency, CNO Efficiency, HVBS Monitor Voltage, PMT VETO Rate Count, PMT CNO Rate Count, Mean PHA Noise Pedestals, PHA Noise Pedestal Standard Deviation, Channel MIP Peak Position, Channel MIP Peak Width, and VETO/Vernier DAC Settings for 0.3 MIP.
4.2.5.1.5.14 LAT301 – Functions Validated

The test case LAT301 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

547) IN39 – Configuration File Delta Configurations/Overlays

At least once for each SIU (prime and redundant), verify the Delta Configuration feature by uploading and executing Configuration files that are necessary to perform the ACD, CAL, and TKR CPTs.  Verify proper file execution by telemetry and by confirming the appropriate register contents changed to the values specified.

548) SF49 – FSW collected ACD Trigger Mode Diagnostic Data

Once for each SIU (prime and redundant), during the Baseline and Final CPTs only, command the FSW to execute each of the ACD Trigger Mode diagnostic function.  Data will be collected for a minimum of 10 minutes.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, and as expected.  In addition, verify via Housekeeping Telemetry that these functions can be enabled and disabled by command.

549) ACD-F14 – ACD Zero Suppression On/Off

During the ACD CPTs, verify Zero Suppression can be enabled and disabled.

550) ACD-F18 – ACD Calibration Mask

During the ACD CPTs, verify using the Calibration Mask to Enable and Disable Charge Injection to individual ACD channels.

551) ACD-F19 – ACD Charge Injection DAC Setting Adjust

During the ACD CPTs, verify the ACD Charge Injection DAC settings can be adjusted to any valid value.

552) ACD-F20 – ACD PHA Threshold Set

During the ACD CPTs, verify the ACD PHA Thresholds can be set to any valid value.

553) ACD-F21 – ACD PHA Trigger Request (TREQ) Generation

During the ACD CPTs, verify the ACD PHAs generate a Trigger Request (TREQ) when charge is injected over threshold or a cosmic ray deposits energy in a tile that is over threshold.

554) ACD-F22 – ACD Tile Hit Map

During the ACD CPTs, verify the ACD generates a Tile Hit Map that accurately indicates which ACD tiles actually detected an event or have had charge injected above threshold.

555) ACD-F23 – ACD Low Energy Range Select
During the ACD CPTs, verify the ACD PHAs can be configured to readout only the Low Energy range.

556) ACD-F24 – ACD High Energy Range Select

During the ACD CPTs, verify the ACD PHAs can be configured to readout only the High Energy range.

557) ACD-F25 – ACD Low Energy PHA Energy Measurement

During the ACD CPTs, verify the ACD PHAs accurately measure and report event energy in the Low Energy  range.

558) ACD-F26 – ACD High Energy PHA Energy Measurement

During the ACD CPTs, verify the ACD PHAs accurately measure and report event energy in the High Energy  range.

559) ACD-F27 – ACD Low Energy Bias DAC Setting Adjust

During the ACD CPTs, verify the ACD Low Energy Bias DAC settings can be adjusted to any valid value.

560) ACD-F28 – ACD High Energy Bias DAC Setting Adjust

During the ACD CPTs, verify the ACD High Energy Bias DAC settings can be adjusted to any valid value.

561) ACD-F29 – ACD PHA Data Mask Enable/Disable
During the ACD CPTs, verify by using the PHA Data Mask that transmission of data from each PHA can be enabled and disabled.

562) ACD-F30 – ACD Trigger Acknowledge Response
During the ACD CPTs, verify the ACD provides a valid Tile Hit Map and PHA Energy Measurements in response to each Trigger Acknowledge (TACK) signal received.

563) ACD-F31 – ACD VETO Data Mask Enable/Disable

During the ACD CPTs, verify using the PHA Data Mask that transmission of data from each PHA can be enabled and disabled.

564) ACD-F32 – ACD Charge Injection
During the ACD CPTs, verify that charge can be injected into each channel at the intended level and that relevant data can be read back.

565) ACD-F33 – ACD VETO Threshold DAC Adjust

During the ACD CPTs, verify the ACD VETO Threshold DACs can be adjusted to any valid value.

566) ACD-F34 – ACD VETO Threshold DAC Readout

During the ACD CPTs, verify the current setting in the ACD VETO Threshold DACs can be readout and that the readout value is consistent with the value set.

567) ACD-F36 – ACD VETO/Vernier DAC Threshold Set

During the ACD CPTs, verify the ACD VETO/Vernier DAC Threshold Set can be set to any valid value.

568) ACD-F37 – ACD CNO Data Mask Enable/Disable

During the ACD CPTs, verify the CNO Data Mask that HLD generation of CNO TREQs can be enabled and disabled for each channel.

569) ACD-F38 – ACD CNO Threshold DAC Adjust

During the ACD CPTs, verify the ACD CNO Threshold DACs can be adjusted to any valid value.

570) ACD-F39 – ACD CNO Threshold DAC Readout

During the ACD CPTs, verify the current setting in the ACD CNO Threshold DACs can be readout and that the readout value is consistent with the value set.

571) ACD-F40 – ACD Tile Hit Map Delay Set

During the ACD CPTs, verify the ACD Tile Hit Map Delay, that determines the time between the receipt of a TACK and when the Hit Map is sent, can be adjusted to any valid value.

572) ACD-F41 – ACD Tile Hit Map Width Set

During the ACD CPTs, verify the ACD Tile Hit Map Width can be adjusted to any valid value.

573) ACD-F42 – ACD HVBS SAA DAC Set

During the ACD CPTs, verify the current setting in the ACD HVBS SAA DACs can be set to any valid value.

574) ACD-F43 – ACD HVBS DAC Set

During the ACD CPTs, verify the current setting in the ACD HVBS DACs can be set to any valid value.

4.2.5.1.5.15 LAT301 – Requirement Verification

The test case LAT301 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

575) LVP45/LSP587 – LAT In-Orbit Checkout

Verification: D5
576) LVP105/LPS586 – LAT Calibration

Verification: T5
577) LVP264/ACD3-86 – ACD Environmental Requirements

Verification: T5
578) LVP295/TDF3-9 – Detector Trigger Inputs

Verification: D5
579) LVP298/TDF3-15 – Trigger Acknowledgement

Verification: D5
580) LVP332/TDF3-82 – Environmental Conditions

Verification: T5
LAT302 – LAT Configuration 2 ACD Comprehensive Performance Test

Purpose/Description:
LAT302 verifies in Configuration 2 that the ACD hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the ACD in all operational modes.  The CPT executes in the following sequence the test scripts AcdLeHeBiasCal.py, AcdHoldDelay.py, AcdHitmapDelay.py, AcdGafeNoise.py, AcdVetoCal.py, AcdHldCal.py, AcdTciRegRange.py, AcdTciHighRange.py, AcdPedestal.py, AcdHitmapTiming.py, AcdVetoHitmapPha.py, AcdHvbsPmtAlive.py, AcdTriggeredOp.py. 

Success Criteria:
The success criteria for LAT302 are identical to those specified for LAT301 and described in 6.7.2.20.2 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.5.16 LAT302 – Functions Validated

Unless otherwise noted below, the test case LAT302 shall perform, in Configuration 2, the tests indicated in 6.7.2.20.2.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.5.17 LAT302 – Requirement Verification

Unless otherwise noted below, the test case LAT302 shall perform, in Configuration 2, the tests indicated in 6.7.2.20.2.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT ACD Limited Performance Test

The ACD LPT verifies the functional capability of the ACD has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The ACD LPT executes in the following sequence the test scripts AcdGafeNoise.py, AcdPedestal.py, AcdHvbsPmtAlive.py, and AcdTriggeredOp.py. 

LAT311 – LAT Configuration 1 ACD Limited Performance Test

Purpose/Description:
LAT311 verifies in Configuration 1 the functional capability of the ACD has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The ACD LPT executes in the following sequence the test scripts AcdGafeNoise.py, AcdPedestal.py, AcdHvbsPmtAlive.py, and AcdTriggeredOp.py. 

Success Criteria:
LAT311-1 For each function specified in 6.7.2.21.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT311-2 For each requirement specified in 6.7.2.21.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT311-3 ACD Calibration Masks were successfully used to enable and disable charge injection to each individual ACD channel.  Source – ACD-F18.
LAT311-4 The magnitude of the charge injected into the ACD was successfully controlled by utilizing the ACD Charge Injection DACs.  Source – ACD-F19.
LAT311-5 ACD PHA Thresholds were set to the desired values command during the course of the test.  Source – ACD-F20.
LAT311-6 The ACD Low Energy range was selected and also disabled upon command.  Source – ACD-F23.
LAT311-7 The ACD High Energy range was selected and also disabled upon command.  Source – ACD-F24.
LAT311-8 The ACD Low Energy PHA Measurement accurately measures and reports the energy deposited in an ACD tile.  Source – ACD-F25.
LAT311-9 The ACD High Energy PHA Measurement accurately measures and reports the energy deposited in an ACD tile.  Source – ACD-F26.

LAT311-10 The ACD Low Energy Bias DACs were successfully set to the desired value when commanded.  Source – ACD-F27.
LAT311-11 The ACD produced an accurate Hit Map and Energy Measurements at a time consistent with the Hit Map Delay settings following receipt of each TACK.  Source – ACD-F30.
LAT311-12 ACD Low Rate Science Counters accurately count each ACD VETO.  Source – ACD-F35

LAT311-13 ACD VETO/Vernier DAC Thresholds were successfully set to the desired value when commanded.  Source – ACD-F36.

LAT311-14 ACD CNO Data Masks were successfully used to enable and disable the issuance of a CNO from each ACD channel.  Source – ACD-F37.
LAT311-15 ACD CNO Thresholds were accurately readout when requested.  Source – ACD-F38.
LAT311-16 ACD HVBS SAA DACs were successfully set to the desired value when commanded.  Source – ACD-F42.

LAT311-17 ACD HVBS DACs were successfully set to the desired value when commanded.  Source – ACD-F43.

LAT311-18 The following parameters are measured and within the specified limits during the course of the ACD LPT: Channel VETO Rate, Channel Vernier Sharpness, Channel Vernier Flatness, HVBS Monitor Voltage, PMT VETO Rate Count, PMT CNO Rate Count, Mean PHA Noise Pedestals, PHA Noise Pedestal Standard Deviation, Channel MIP Peak Position, Channel MIP Peak Width, and VETO/Vernier DAC Settings for 0.3 MIP.
4.2.5.1.5.18 LAT311 – Functions Validated

None.
4.2.5.1.5.19 LAT311 – Requirement Verification

None.

LAT312 – LAT Configuration 2 ACD Limited Performance Test

Purpose/Description:
LAT312 verifies in Configuration 2 the functional capability of the ACD has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The ACD LPT executes in the following sequence the test scripts AcdGafeNoise.py, AcdPedestal.py, AcdHvbsPmtAlive.py, and AcdTriggeredOp.py. 

Success Criteria:
The success criteria for LAT312 are identical to those specified for LAT311 and described in 6.7.2.21.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.5.20 LAT312 – Functions Validated

Unless otherwise noted below, the test case LAT042 shall perform, in Configuration 2, the tests indicated in 6.7.2.20.2.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.5.21 LAT312 – Requirement Verification

None.

LAT CAL Comprehensive Performance Test

The CAL CPT verifies the CAL hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the CAL in all operational modes.  The CAL CPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py, CALF_MU_OPTICAL.py, CALF_SHP_P01.py, CAL_GAIN_P01.py, CALU_COLLECT_CI.py, CALF_ADC_P02.py, CALF_TRG_P03.py, CALF_SUPP_P01.py, CALF_SUPP_P02.py, and CALF_RNG_P01.py, . 

4.2.5.1.6 CAL Components of the CPT

The CPT shall include the following test scripts.  As defined herein, they are executed sequentially on all CAL Tower Modules simultaneously.

4.2.5.1.6.1 CALF_PEDESTALS_CI
Compute pedestals.  Pedestals for all energy ranges in selected gain settings shall be computed by generating solicited triggers with no charge injected.  The gain settings shall be paired (LE,HE) = (0,0), (5,13), and (7,15).  To avoid crosstalk or chatter, the FLE and FHE discriminators shall be set to their maximum values (i.e. 127).  A large number (~1000) of triggers shall be collected at each gain setting, and the CAL shall be read out in 4-range, auto-range, unsuppressed mode.

In the analysis phase, the pedestal shall be given by the centroid of a Gaussian fit to the observed ADC value from a large number (i.e. ~1000) of triggers at each gain setting.  (Because the width of the pedestal distribution in the LEX1 and HEX1 ranges is ~1 bin, Gaussian fitting is ill-conditioned.  Therefore, the pedestal centroid and width in these ranges shall be estimated by a simple mean and rms of the 5 ADC bins centered on the pedestal mode.)

Both the centroid and the width of the Gaussian shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if rms widths meet the following criteria:  LEX8 < 40 bins; LEX1 < 10 bins; HEX8 < 40 bins; and HEX1 < 10 bins.

The pedestal table for nominal test gain (LE = 5, HE = 13) shall then be forwarded to the verification process for use after this CPT.

4.2.5.1.6.2 CALF_MU_OPTICAL

Collect cosmic muon data with TKR trigger.  The stability of the optical bonds shall be monitored with sea-level muons.  A collection of 10 minutes of muons is adequate to establish that the relative gain of the Plus and Minus PDAs (both LE and HE photodiodes) of each CDE has not changed more than 10%.

This test shall be performed in muon test gain (LE = 5; HE = 0).  At this gain setting, the muon peak appears at ~5% of full scale in LEX8 and ~3% of full scale in HEX8.  The data shall be read out in auto-range, 4-range mode to allow simultaneous verification of the LE and HE photodiodes.  Zero-suppression shall be enabled to minimize the data volume.  The LAC thresholds shall be set at the lowest-effective setting, as determined by the script CALF_SUPP_P02.  The trigger source shall be TKR || CAL-LO || CAL-HI, with the FLE and FHE discriminators set to 127 (i.e. their maximum values).  The Tack delay shall be set to the optimal value for TKR-triggered readout.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  (The analysis phase follows.)

4.2.5.1.6.3 CALF_MU_TREND

The test CAL_MU_TREND is now performed by off-line analysis of muon data collected during LAT22x.

4.2.5.1.6.4 CALF_SHP_P01

Measure the slow shaper with charge injection.  The LE and HE slow shaping amplifier outputs shall be mapped and the optimal Tack time delay for charge-injection pulses under Timed Readout shall be determined.

At a single gain setting and charge-injection pulse amplitude, a large number of pulses (i.e. ~200) shall be generated at Tack Delay settings 20, 50, 90, 130, 190, and 255.  This test shall be performed at nominal test gain in both LE and HE ranges.  To avoid any distortion of the shaper output caused by cross-talk from FLE or FHE discriminator firing, the FLE and FHE DACs shall be set at their maximum values (i.e. 127).  To avoid potential distortions from small pulses or saturation of large pulses, the charge-injection DAC shall be set to give a pulse height in the middle of the LEX8 and HEX8 ranges.

In the analysis phase, the mean pulse height at each Tack Delay shall be calculated and selected pulse heights compared against the criteria given in the next paragraph.  (I have chosen 6 Tack Delay settings to allow more detailed analysis, including a fit to the known shaping function to find the optimal Tack Delay, to be performed off line.)

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if the mean LEX8 and HEX8 pulse heights have the following order of amplitudes:  LEX8(255) < LEX8(190) < LEX8(50) < LEX8(90) and HEX8(255) < HEX8(190) < HEX8(50) < HEX8(90).  

4.2.5.1.6.5 CALF_GAIN_P01

Calibrate relative electronic gains with charge injection.   The electronic gain of selected gain settings for each energy range shall be calculated from charge-injection pulses that are below saturation in the highest gain setting.  The mean pedestal-subtracted pulse height for a large number of pulses (i.e. ~200) shall be calculated in each gain setting.

The gains settings tested shall be LE = 0, 5, 7 and HE = 0, 13, 15.  The Tack delay shall be set to the optimal delay for Timed readout.  The pedestals subtracted shall be appropriate to the epoch and environmental conditions of this CPT.

The output of this test shall be a table expressing the gain of each setting relative to the nominal test gain (i.e. LE = 5, HE = 13).  The relative gain is defined as the ratio of the pedestal-subtracted pulse height in the current gain to that in the nominal flight gain.

The relative gains of all LE gain settings and all HE gain settings shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to pass if the relative gains meet the following criteria:  LE(0) / LE(5) > 2, LE(7) / LE(5) < 1; and HE(0) / HE(13) > 8; HE(15) / HE(13) < 1.

4.2.5.1.6.6 CALU_COLLECT_CI

Collect charge-injection data for front-end linearity test.  The integral linearity of the LEX8 energy range may be measured with charge-injection data.  Charge shall be injected simultaneously into all GCFE chips.  Note that this introduces a small bias into the linearity measurement from cross talk between neighboring GCFEs.  Data collected in this step are analyzed by CALF_ADC_P02.

This test shall be performed in the nominal test gain (LE = 5; HE = 13).  For each column of GCFEs sequentially, a modest number of pulses (~50) shall be generated at amplitudes spanning the full range of the charge-injection DAC in a regular pattern, chosen to simplify analysis.  This regular pattern shall set the charge injection DAC from 0 to 4095 in steps of 128.  To maximize the information gathered for subsequent analysis, all four energy ranges shall be read out in auto-range order and zero-suppression shall be disabled.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase is defined in CALF_ADC_P02.

4.2.5.1.6.7 CALF_ADC_P02

Analyze charge-injection data to determine front-end integral non-linearity and noise.  The data from CALU_COLLECT_CI_SINGLEX16 shall be analyzed to determine the maximum integral non-linearity and noise in each energy range.  A linear least-squares fit shall be performed to the mean pedestal-subtracted ADC value at each pulse amplitude, and the maximum deviation from the linear model shall be determined and expressed as a fraction of the maximum unsaturated ADC value.  The rms width of the ADC value at each pulse amplitude shall be calculated; this is a measure of the noise in each channel as a function of pulse amplitude (although it contains a contribution from the charge-injection system).

The slope of the linear fit (i.e. the linear gain), the maximum deviation from the linear fit, and the mean noise in each range (i.e. the mean of the rms values) shall be recorded for trending analysis.

The test shall be deemed to “pass” if maximum deviation from the linear fit is <80 ADC bins in all 4 energy ranges of all GCFEs, and the mean noise is < 40 ADC bins rms in the LEX8 and HEX8 energy ranges and < 10 ADC bins rms in the LEX1 and HEX1 energy ranges. 

4.2.5.1.6.8 CALF_TRG_P03 

Characterize FLE and FHE DAC settings with charge injection.  The pulse amplitudes at which the FLE and FHE discriminators fire shall be characterized with charge injection.  This characterization is distinct from a calibration in that only a small number of DAC settings are examined.

This test shall be performed in the nominal test gain (LE = 5; HE = 13).  For each column of GCFEs sequentially, the FLE DAC shall be set to one of a series levels spanning the coarse range (settings 79, 95, 111, and 127), and the charge-injection DAC shall be ramped one step at a time through a dictionary of amplitudes, with a small number of pulses (~20) generated at each amplitude.  The dictionary shall contain the minimum and maximum charge-injection DAC settings for each FLE DAC setting or a functional representation thereof.  The trigger diagnostic data shall be inspected to determine if the FLE discriminators have fired.  If the FLE fires for >50% of the pulses, the corresponding mean ADC value shall be recorded.  This process shall then be repeated for the FHE DAC.

The output of this process is a pair of tables of correspondence between FLE/FHE DAC setting and ADC bin number in the nominal gain (“fle2adc” and “fhe2adc”).

Note that this characterization is not a precise calibration of the discriminator thresholds in energy units because the charge injection pulse shape is not identical to the scintillation pulse shape; the ratio of fast-shaped to slow-shaped signals is therefore different for charge injection pulses than for scintillation pulses. 

A more complete characterization of the FLE and FHE discriminator thresholds with charge injection shall be performed in the calibDAC suite.

The table of correspondence between FLE/FHE DAC settings and ADC bin number shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if, for each GCFE, the average of the threshold ADC values for the FLE DAC settings > 100 is greater than the average of the threshold ADC values for the FLE DAC settings < 100, and similarly for FHE:  FLE(DAC>100) > FLE(DAC<100), and FHE(DAC>100) > FHE(DAC<100).

4.2.5.1.6.9 CALF_SUPP_P01  

Characterize LAC DAC settings with charge injection.  The pulse amplitudes at which the Log-Accept discriminators fire shall be characterized with charge injection.  This is not a calibration because only a subset of the LAC DAC settings is examined.

This test shall be performed in the nominal test gain (LE = 5; HE = 13).  For each column of GCFEs sequentially, the LAC DAC shall be set to one of a series levels spanning the coarse range (settings 79, 95, 111, and 127), and the charge-injection DAC shall be ramped one step at a time through a dictionary of amplitudes, with a small number of pulses (~20) generated at each amplitude.  The dictionary shall contain the minimum and maximum charge-injection DAC settings for each LAC DAC setting or a functional representation thereof.  The data shall be read out in one-range, auto-range, zero-suppressed mode, with TEM diagnostic readout enabled.  The LAC diagnostic data shall be inspected to determine if the individual LAC discriminators have fired.  For each GCFE, if the LAC fires for >50% of the pulses, the corresponding mean ADC value shall be recorded.

The output of this process is a table of correspondence between the LAC DAC setting and LEX8 ADC bin number in the nominal test gain (“lac2adc”).

The table of correspondence between LAC DAC settings and ADC bin number shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if, for each GCFE, the average of the threshold ADC values for the LAC DAC settings above 100 is greater than the average of the threshold ADC values for the LAC DAC settings below 100:  LAC(DAC>100) > LAC(DAC<100).

4.2.5.1.6.10 CALF_SUPP_P02  

Determine lowest-effective LAC DAC settings.  The lowest LAC DAC setting for which pedestals are excluded shall be determined for each channel.  This setting is therefore the lowest for which the LAC discriminator functions effectively as zero suppression.

This test shall be performed in the nominal test gain (LE = 5; HE = 13).  For each LAC DAC setting from 0 to 50, a small number (~50) of solicited triggers shall be generated with zero charge injection.  (The maximum LAC DAC setting of 50 was chosen because it is known to correspond to ADC bins somewhat above the maximum pedestal.)  The CAL shall be read out in one-range, auto-range, zero-suppressed mode.  TEM diagnostic data are not required.

In the analysis phase, the event data shall be inspected to determine when each CDE appears in the event stream.  For both GCFEs of each CDE, the lowest LAC DAC setting that causes the channel to be excluded in >50% of the samples shall be incremented by one DAC step and recorded as the lowest effective setting.  If a given CDE is never excluded >50% of the time, its lowest-effective setting shall be defined to be 62.  (Note that this finds the higher of the lowest-effective settings between the two GCFEs of each CDE.)

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if >90% of GCFEs have a minimum-effective LAC DAC setting of 62 or below.

The lowest-effective LAC DAC table shall then be forwarded to the verification process for use after this CPT.

4.2.5.1.6.11 CALF_RNG_P01   

Characterize ULD DAC settings with charge injection.  The correspondence between the Upper Level Discriminator (ULD) DAC setting and the ADC value at which the range selection is made shall be characterized with charge injection.  This is a characterization rather than a calibration, because only a subset of the ULD DAC settings is examined.

This test shall be performed in the nominal flight gain (LE = 5; HE = 13) with the data read out in one-range, auto-range order.    The ULD DAC shall be set one of a series of levels spanning the coarse range (settings 79, 95, 111, and 127), and the charge-injection DAC shall be ramped one step at a time through a dictionary of amplitudes, with a small number of pulses (~20) generated at each amplitude.  The dictionary shall contain the minimum and maximum charge-injection DAC settings for each ULD DAC setting or a functional representation thereof.  The ADC values at which LEX8 transitions to LEX1, LEX1 transitions to HEX8, and HEX8 transitions to HEX1 shall be recorded at each ULD DAC setting. 

A more complete calibration of ULD DAC settings shall be performed as part of the calibDAC suite.

The table of correspondence between ULD DAC settings and ADC bin number shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if, for each GCFE, the average of the threshold ADC values for the ULD DAC settings above 100 is greater than the average of the threshold ADC values for the ULD DAC settings below 100:  ULD(DAC>100) > ULD(DAC<100).

LAT401 – LAT Configuration 1 CAL Comprehensive Performance Test

Purpose/Description:
LAT401, the CAL Configuration 1 CPT, verifies the CAL hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the CAL in all operational modes.  The CAL CPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py, CALF_MU_OPTICAL.py, CALF_SHP_P01.py, CAL_GAIN_P01.py, CALU_COLLECT_CI_SINGLEX16.py, CALF_ADC_P02.py, CALF_TRG_P01.py, CALF_TRG_P04.py, CALF_SUPP_P03.py, CALF_RNG_P01.py, and CALF_DTM_P01.py. 

Success Criteria:
LAT401-1 For each function specified in 6.7.2.22.2.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT401-2 For each requirement specified in 6.7.2.22.2.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT401-3 All full and delta configuration files were successfully, uploaded, invoked, and verified.  Source – IN39.

LAT401-4 CAL Pedestal data is provided in the Science Data by the FSW and is correct and consistent with the LAT configuration in which it was collected.  Source – SF49.

LAT401-5 CAL GCRC Registers were successfully written to and readback by FSW. Source – CAL-F4.

LAT401-6 CAL GCFE Registers were successfully written to and readback by FSW. Source – CAL-F7.
LAT401-7 CAL GCCC Registers were successfully written to and readback by FSW. Source – CAL-F10.

LAT401-8 CAL GCRC, GCFE, and GCCC Registers were successfully written to using the FSW Broadcast command feature. Source – CAL-F12
LAT401-9 Each CAL AFEE was commanded successfully and provided accurate telemetry data. Source – CAL-F13
LAT401-10 The CAL GCFE Electronic Gain Adjustment registers were successfully set to the desired value when commanded.  Source – CAL-F14.

LAT401-11 Each CAL Readout range was selected and provided expected data when commanded.  Source – CAL-F15.

LAT401-12 The CAL generates a TREQ when charge is injected above threshold or a cosmic ray is received that deposits energy in a log that exceeds the threshold setting.  Source – CAL-F16 and LVP293.

LAT401-13 The CAL produced an accurate Log Hit Map and Energy Measurements at a time consistent with the Log Hit Map Delay settings following receipt of each TACK.  Source – CAL-F17.

LAT401-14 The CAL-Low Energy Measurement accurately measures and reports the low range energy deposited in a CAL Log.  Source – CAL-F18.

LAT401-15 The CAL-High Energy Measurement accurately measures and reports the high range energy deposited in a CAL Log.  Source – CAL-F19
LAT401-16 CAL FLE Thresholds were successfully set to the desired values commanded during the course of the test.  Source – CAL-F20.
LAT401-17 CAL FHE Thresholds were successfully set to the desired values command during the course of the test.  Source – CAL-F21.
LAT401-18 The CAL produced an accurate Log Hit Map for each event.  Source – CAL-F22.

LAT401-19 The CAL Charge Injection DACs were successfully set to the desired values command during the course of the test.  Source – CAL-F23.
LAT401-20 Charge was successfully injected into each CAL channel at the level selected in the CAL Charge Injection DAC each time charge injection was commanded.  Source – CAL-F24.

LAT401-21 The CAL Charge Injection Masks were successfully used to enable and disable the CAL channels to which charge is injected.  Source – CAL-F25.

LAT401-22 The CAL-Low Trigger Masks were successfully used to enable and disable the issuance of a trigger from each CAL channel.  Source – CAL-F26.
LAT401-23 The CAL-High Trigger Masks were successfully used to enable and disable the issuance of a trigger from each CAL channel.  Source – CAL-F27.
LAT401-24 CAL Log Accept DAC Thresholds were successfully set to the desired values commanded during the course of the test.  Source – CAL-F29.

LAT401-25 CAL Upper Level Discriminator DAC Thresholds were successfully set to the desired values commanded during the course of the test.  Source – CAL-F30.
LAT401-26 The CAL Autorange function is successfully enabled and disabled and it automatically selects the proper range in which to readout CAL data.  Source – CAL-F31.

LAT401-27 The CAL 4-Range read function is successfully enabled and disabled and the CAL successfully provides energy data in all 4 measurement ranges.  Source – CAL-F32.

LAT401-28 The CAL CPT completes successfully and therefore demonstrates the ability of the LAT to be checkout on-orbit.  Source – LVP45.
LAT401-29 The CAL CPT successfully completes and therefore demonstrates the ability of the LAT to be calibrated by collection of the CAL Diagnostic and Charge Injection data.  Source – LVP105.

LAT401-30 The CAL CPT successfully completes and therefore demonstrates the CAL/T&DF interface.  Source – LVP271.

LAT401-31 The L1 Trigger System can determine which events are valid based on the trigger input signals from the CAL.  Source – LVP294.

LAT401-32 The L1 Trigger System accepts trigger input signals from the CAL.  Source – LVP295.

LAT401-33 The L1 Trigger System can determine which events are valid based on the trigger input signals from the CAL.  Source – LVP298.

LAT401-34 The commands to calibrate and readout are executed by the CAL.  Source – LVP328.

LAT401-35 The CAL CPT successfully completes and the CAL’s performance is verified when before, during, and after the LAT is subjected to environments.  Source – LVP332.

LAT401-36 No current transients in excess of 15 mA/uS occur on the DAQ feed and 2.5 mA/uS on the SIU and VCHP reservoir heater feeds combined.  Source – LVP415 and LVP416.

LAT401-37 The following parameters are measured and within the specified limits during the course of the CAL CPT: HEX1 Pedestals, HEX8 Pedestals, LEX1 Pedestals, LEX8 Pedestals, Noisy Slow Shapper ID, LE-/LE+ Diode Ratio, LE+/HE+ Diode Ratio, LE-/HE- Diode Ratio, Dead Range ID, LE Slow Shaping Amp Output, HE Slow Shaping Amp Output, Optimal Charge Injection TACK Delay, HEX1 Relative Gain, HEX8 Relative Gain, LEX1 Relative Gain, LEX8 Relative Gain, Four Range Energy Measurement Linearity, Four Range Mean Pulse Amplitude (MPA), Four Range MPA Maximum Deviation, Four Range RMS Noise, FLE Trigger Peaking Time, FHE Trigger Peaking Time, FLE Trigger Peaking Time Stability, FHE Trigger Peaking Time Stability, Log Accept Threshold, ULD DAC Threshold, and Average Deadtime.
4.2.5.1.6.12 LAT401 – Functions Validated

The test case LAT401 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

581) IN39 – Configuration File Delta Configurations/Overlays

At least once for each SIU (prime and redundant), verify the Delta Configuration feature by uploading and executing Configuration files that are necessary to perform the ACD, CAL, and TKR CPTs.  Verify proper file execution by telemetry and by confirming the appropriate register contents changed to the values specified.

582) SF49 – FSW collected CAL Pedestal Data

Once for each SIU (prime and redundant), during the Baseline and Final CPTs only, command the FSW to execute each of the CAL Pedestal Data diagnostic function.  Data will be collected for a minimum of 10 minutes.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, and as expected.  In addition, verify via Housekeeping Telemetry that these functions can be enabled and disabled by command.

583) CAL-F4 – CAL GCRC Register Readback

During the CAL CPTs verify via Housekeeping Telemetry that each GCRC Register can be accurately Readback.

584) CAL-F7 – CAL GCFE Register Readback

During the CAL CPTs verify via Housekeeping Telemetry that each GCFE Register can be accurately Readback.

585) CAL-F10 – CAL GCCC Register Readback

During the CAL CPTs verify via Housekeeping Telemetry that each GCCC Register can be accurately Readback.

586) CAL-F12 – GCFE/GCRC/GCCC Broadcast Commands

During the CAL CPTs verify via Housekeeping Telemetry that each GCFE, GCCC, and GCRC Register can be accurately commanded using the Broadcast function.

587) CAL-F13 – AFEE Communications
During the CAL CPTs verify via Housekeeping Telemetry that each AFEE can be commanded and that telemetry can be readback accurately.

588) CAL-F14 – CAL GCFE Electronic Gain Adjustment

During the ACD CPTs, verify the ACD High Energy Bias DAC settings can be adjusted to any valid value.

589) CAL-F15 – CAL Readout Range Select
During the CAL CPTs, verify that each of the 4 CAL readout ranges, Autorange, and Four Range Readout mode can all be selected.

590) CAL-F16 – CAL Trigger Request (TREQ) Generation

During the CAL CPTs, verify the CAL generates a Trigger Request (TREQ) when charge is injected over threshold or a cosmic ray deposits energy in a log that is over threshold.

591) CAL-F17 – CAL Trigger Acknowledge Response

During the CAL CPTs, verify the CAL provides a valid Log Hit Map and correct Log End Energy Measurements in response to each Trigger Acknowledge (TACK) signal received.

592) CAL-F18 – CAL Low Energy Measurement

During the CAL CPTs, verify the CAL accurately measures and reports event energy in the Low Energy range.

593) CAL-F19 – CAL High Energy Measurement

During the CAL CPTs, verify the CAL accurately measures and reports event energy in the High Energy range.

594) CAL-F20 – CAL FLE Threshold Set

During the CAL CPTs, verify the CAL FLE Thresholds can be set to any valid value.

595) CAL-F21 – CAL FHE Threshold Set

During the CAL CPTs, verify the CAL FHE Thresholds can be set to any valid value.

596) CAL-F22 – CAL Log Hit Map

During the CAL CPTs, verify the CAL generates a Log Hit Map that accurately indicates which CAL logs actually detected an event or have had charge injected above threshold.

597) CAL-F23 – CAL Charge Injection DAC Set

During the CAL CPTs, verify the CAL Charge Injection DAC Set can be set to any valid value.

598) CAL-F24 – CAL Charge Injection

During the CAL CPTs, verify that charge can be injected into each channel at the intended level and that relevant data can be read back.
599) CAL-F25 – CAL Charge Injection Mask

During the CAL CPTs, verify using the Charge Injection Mask to Enable and Disable Charge Injection to individual CAL channels.

600) CAL-F26 – CAL-Low Trigger Mask

During the CAL CPTs, verify using the CAL-Low Trigger Mask to Enable and Disable triggers from individual CAL-Low channels.

601) CAL-F27 – CAL-High Trigger Mask

During the CAL CPTs, verify using the CAL-High Trigger Mask to Enable and Disable triggers from individual CAL-High channels.

602) CAL-F29 – CAL Log Accept DAC Threshold Set

During the CAL CPTs, verify the CAL Log Accept (LAC) DAC Thresholds can be set to any valid value.

603) CAL-F30 – CAL Upper Level Discriminator DAC Threshold Set

During the CAL CPTs, verify the CAL Upper Level Discriminator (ULD) DAC Thresholds can be set to any valid value.

604) CAL-F31 – CAL Autorange Select

During the CAL CPTs, verify the CAL Autorange function can be enabled and disabled.

605) CAL-F32 – CAL Four Range Readout 

During the CAL CPTs, verify the CAL four range readout function can be enabled and disabled and that the date provided in that mode correct.

4.2.5.1.6.13 LAT401 – Requirement Verification

The test case LAT401 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

606) LVP45/LSP587 – LAT In-Orbit Checkout

Verification: D5
607) LVP105/LPS586 – LAT Calibration

Verification: T5
608) LVP271/CAL3-61 – CAL T&DF Interface

Verification: D5
609) LVP295/TDF3-9 – Detector Trigger Inputs

Verification: D5
610) LVP298/TDF3-15 – Trigger Acknowledgement

Verification: D5
611) LVP332/TDF3-82 – Environmental Conditions

Verification: T5
LAT402 – LAT Configuration 2 CAL Comprehensive Performance Test

Purpose/Description:
LAT402, the CAL Configuration 2 CPT, verifies the CAL hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the CAL in all operational modes.  The CAL CPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py, CALF_MU_OPTICAL.py, CALF_SHP_P01.py, CAL_GAIN_P01.py, CALU_COLLECT_CI_SINGLEX16.py, CALF_ADC_P02.py, CALF_TRG_P01.py, CALF_TRG_P04.py, CALF_SUPP_P03.py, CALF_RNG_P01.py, and CALF_DTM_P01.py. 

Success Criteria:
The success criteria for LAT402 are identical to those specified for LAT401 and described in 6.7.2.22.2 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.6.14 LAT402 – Functions Validated

Unless otherwise noted below, the test case LAT402 shall perform, in Configuration 2, the tests indicated in 6.7.2.22.2.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.
4.2.5.1.6.15 LAT402 – Requirement Verification

Unless otherwise noted below, the test case LAT402 shall perform, in Configuration 2, the tests indicated in 6.7.2.22.2.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

LAT CAL Limited Performance Test

The CAL LPT verifies the functional capability of the CAL has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits. The CAL LPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py, and CALF_MU_OPTICAL.py.

4.2.5.1.7 CAL Components of the LPT

The LPT shall include the following test steps.  As defined herein, they are executed sequentially on all CAL Tower Modules simultaneously.

4.2.5.1.7.1 CALF_PEDESTALS_CI
Compute pedestals.  Pedestals for all energy ranges in selected gain settings shall be computed by generating solicited triggers with no charge injected.  The gain settings shall be paired (LE,HE) = (0,0), (5,13), and (7,15).  To avoid crosstalk or chatter, the FLE and FHE discriminators shall be set to their maximum values (i.e. 127).  A large number (~1000) of triggers shall be collected at each gain setting, and the CAL shall be read out in 4-range, auto-range, unsuppressed mode.

In the analysis phase, the pedestal shall be given by the centroid of a Gaussian fit to the observed ADC value from a large number (i.e. ~1000) of triggers at each gain setting.  (Because the width of the pedestal distribution in the LEX1 and HEX1 ranges is ~1 bin, Gaussian fitting is ill-conditioned.  Therefore, the pedestal centroid and width in these ranges shall be estimated by a simple mean and rms of the 5 ADC bins centered on the pedestal mode.)

Both the centroid and the width of the Gaussian shall be recorded for trending analysis.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  The analysis phase of this test shall be deemed to “pass” if rms widths meet the following criteria:  LEX8 < 40 bins; LEX1 < 10 bins; HEX8 < 40 bins; and HEX1 < 10 bins.

The pedestal table for nominal test gain (LE = 5, HE = 13) shall then be forwarded to the verification process for use after this LPT.

4.2.5.1.7.2 CALF_MU_OPTICAL

Collect cosmic muon data with TKR trigger.  The stability of the optical bonds shall be monitored with sea-level muons.  A collection of 10 minutes of muons is adequate to establish that the relative gain of the Plus and Minus PDAs (both LE and HE photodiodes) of each CDE has not changed more than 10%.

This test shall be performed in muon test gain (LE = 5; HE = 0).  At this gain setting, the muon peak appears at ~5% of full scale in LEX8 and ~3% of full scale in HEX8.  The data shall be read out in auto-range, 4-range mode to allow simultaneous verification of the LE and HE photodiodes.  Zero-suppression shall be enabled to minimize the data volume.  The LAC thresholds shall be set at the lowest-effective setting, as determined by the script CALF_SUPP_P02.  The trigger source shall be TKR || CAL-LO || CAL-HI, with the FLE and FHE discriminators set to 127 (i.e. their maximum values).  The Tack delay shall be set to the optimal value for TKR-triggered readout.

The acquisition phase of this test shall be deemed to “pass” if the data are collected without TEM errors.  (The analysis phase follows.)

4.2.5.1.7.3 CALF_MU_TREND

CAL_MU_TREND is now performed by off-line analysis of muon data collected during LAT22x.
4.2.5.1.8 LAT411 – LAT Configuration 1 CAL Limited Performance Test

Purpose/Description:
LAT411 verifies in Configuration 1 the functional capability of the CAL has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The CAL LPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py and CALF_MU_OPTICAL.py. 

Success Criteria:
LAT411-1 For each function specified in 6.7.2.22.2.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT411-2 For each requirement specified in 6.7.2.22.2.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT411-3 The CAL GCFE Electronic Gain Adjustment registers were successfully set to the desired value when commanded.  Source – CAL-F14.

LAT411-4 Each CAL Readout range was selected and provided expected data when commanded.  Source – CAL-F15.

LAT411-5 The CAL-Low Energy Measurement accurately measures and reports the low range energy deposited in a CAL Log.  Source – CAL-F18.

LAT411-6 The CAL-High Energy Measurement accurately measures and reports the high range energy deposited in a CAL Log.  Source – CAL-F19
LAT411-7 CAL FLE Thresholds were successfully set to the desired values command during the course of the test.  Source – CAL-F20.

LAT411-8 CAL FHE Thresholds were successfully set to the desired values command during the course of the test.  Source – CAL-F21.
LAT411-9 The CAL produced an accurate Log Hit Map for each event.  Source – CAL-F22.
4.2.5.1.8.1 LAT411 – Functions Validated

The test case LAT411 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

612) CAL-F14 – CAL GCFE Electronic Gain Adjustment

During the ACD CPTs, verify the ACD High Energy Bias DAC settings can be adjusted to any valid value.

613) CAL-F15 – CAL Readout Range Select

During the CAL CPTs, verify that each of the 4 CAL readout ranges, Autorange, and Four Range Readout mode can all be selected.

614) CAL-F18 – CAL Low Energy Measurement

During the CAL CPTs, verify the CAL accurately measures and reports event energy in the Low Energy range.

615) CAL-F19 – CAL High Energy Measurement

During the CAL CPTs, verify the CAL accurately measures and reports event energy in the High Energy range.

616) CAL-F20 – CAL FLE Threshold Set

During the CAL CPTs, verify the CAL FLE Thresholds can be set to any valid value.

617) CAL-F21 – CAL FHE Threshold Set

During the CAL CPTs, verify the CAL FHE Thresholds can be set to any valid value.

618) CAL-F22 – CAL Log Hit Map

During the CAL CPTs, verify the CAL generates a Log Hit Map that accurately indicates which CAL logs actually detected an event or have had charge injected above threshold.
4.2.5.1.8.2 LAT411 – Requirement Verification

None.

LAT412 – LAT Configuration 2 CAL Limited Performance Test

Purpose/Description:
LAT412 verifies in Configuration 2 the functional capability of the CAL has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The CAL LPT executes in the following sequence the test scripts CALF_PEDESTALS_CI.py and CALF_MU_OPTICAL.py. 

Success Criteria:
The success criteria for LAT412 are identical to those specified for LAT411 and described in 6.7.2.23.2 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.8.3 LAT412 – Functions Validated

Unless otherwise noted below, the test case LAT402 shall perform, in Configuration 2, the tests indicated in 6.7.2.23.2.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.8.4 LAT412 – Requirement Verification

None.

LAT Tracker Comprehensive Performance Test

The Tracker CPT verifies the Tracker hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the Tracker in all operational modes.  The TKR CPT executes in the following sequence the test scripts TkrReadingConfigurationTest (TE203), TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrLayerTriggerRate (TE401), TkrTotTest (TE306), and effSuite (TE403).  Note that TkrThershDispersion (TE701) and TkrTriggerJitter (TE702) are added to the CPT during Thermal Vacuum tests.  Further, TE601, TE602, TE603, and TE604 are executed as part of SVAC testing, but described here.

4.2.5.1.9 LAT Level TKR Test Definitions

4.2.5.1.9.1 TE203 – Readout Configuration Test

This test is performed to confirm whether the serial path through GTFE is functional.

The redundancy of the readout configuration is tested by running the same test of the charge injection system for three layer configurations, i.e. i) all GTFEs read out on the low-side GTRC, ii) all GTFEs read out on the high-side GTRC, iii) default configuration with 12 GTFEs on each side. In each configuration all the channels in the layer are enabled for data taking and triggering, and the signal threshold is set high enough to cut out noise; one random channels per GTFE are pulsed with enough charge to cross the threshold. The layer is read out and the channels above threshold are compared with the pulsed one. 

4.2.5.1.9.2 TE301 – Gain and Noise Measurement

This test is performed to measure the gain and noise of each channel, which can be used to detect dead and disconnected channels. Noisy channels are not determined by this test.

The calibration DAC is set in each chip to about 1.5 fC injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size.  The threshold is scanned over a range about 1 fC, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel the gain and noise.  Channels having too low a gain are listed as dead amplifiers, and channels with a noise comparable with the average noise level from a bare MCM are listed as disconnected strips. The procedure is repeated for different mask settings until all live channels are analyzed. The results are stored in a database. Average and RMS of gain and noise for each GTFE are saved. A list of dead channels including disconnected channels is generated and compared with lists of dead channels generated during previous tests. Changes of the list of noisy channels should be flagged for engineering evaluation and possible modifications to the default trigger and/or data masks.

For the LPT, the number of channels is reduced to four or more per GTFE, which is sufficient to check GTFE functionality.

4.2.5.1.9.3 TE302 – Single Strip Noise Occupancy

In this test, the noise occupancy for each strip is measured to determine data and trigger masks of GTFEs. Different selection criteria are used for data and trigger masks.

The calibration and trigger masks are all disabled and the data masks are opened to all channels. The Calibration DAC is set to 0 (range 0), and the threshold is fixed at nominal value (around 1.4 fC). 100,000 random triggers, followed by TACKs, are issued by the TEM and the single strip noise occupancy (hits/triggers) is recorded. Hot strips for data mask are determined to satisfy tower level data rate of 5x10-5. (This corresponds to less than average data size of 2.7 strips per tower per event.) Noisiest strips are masked until tower level data rate of 5x10-5 is satisfied. Hot strips for trigger mask are determined to satisfy layer trigger occupancy of 10%. (This corresponds to the layer level data rate of 10-5. See Appendix for details.) Noisiest strips are masked until layer level data rate of 10-5 is satisfied. The count of noisy channels must be within specification (less than 553 noisy channels (1%) per tower). Changes of the list of noisy channels should be monitored to facilitate possible modifications to the permanent trigger and/or data masks.

4.2.5.1.9.4 TE303 - GTFE Noise Occupancy Scan

In this test, the noise occupancy for each GTFE is measured as a function of the threshold DAC value and the lower limit for the threshold DAC value is obtained.

The data and trigger masks are set to enable all the channels except the noisy channels. The calibration masks are all disabled. The threshold DAC register is scanned over its range 0 in steps, starting from lower values. At each step of the scan random triggers are issued and strips above threshold are readout. At each data point, for each FE chip, the average strip noise occupancy is calculated as the ratio of the number of strips above threshold divided by the number of strips enabled in the FE. The threshold gets incremented until a plateau is reached, which is the result of cosmic rays crossing the stack in accidental coincidence with the issued random triggers. The average expected values are a few 10-5 for the occupancy plateau, occurring at a threshold DAC larger than ~30 (range 0). The threshold DAC corresponding to noise occupancy of 10-4 is extrapolated from the plot and shall be lower than a value of 30 DAC (range 0).

4.2.5.1.9.5 TE306 - TOT Test

This test confirms the functionality of TOT circuits.

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. Enable a subset of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is fixed at value high enough to cut out noise, and the calibration DAC is scanned over its whole range shifting the masks as to cover the entire layer. The TOT values at both GTRCs are recorded for each setting and averaged over all pulsed channels. A fit with a straight line is performed in the linear region (i.e. for the TOT values below the saturation, occurring at 25 s).
4.2.5.1.9.6 TE401 – Self-Triggering Test

This test is performed to confirm the functionality of three-in-a-row trigger system.

The data and trigger masks in the layer are set to enable all channels to be read out except the noisy channels. The threshold is fixed at a value (THR_DAC ~ 35, range 0). The trigger is set to the standard 3-in-a-row self-trigger, enabling all combination of layers. The system is left running for ~10000 events with cosmic rays. Relevant plots (hitmap, event and cluster size distribution, and TOT pulse height distribution) are recorded and checked, before proceeding to long runs data taking for higher-level performance tests.

4.2.5.1.9.7 TE403 - Efficiency, Resolution, and Alignment

In this test, we measure detection and trigger efficiencies for each layer, upper limit of threshold DAC (to retain 99% detection efficiency), makes sure that the tray alignment is not way out of specification.

The trigger is set to the standard 3-in-a-row and all combinations are enabled. Detection efficiency is studied for each layer independently. Cosmic ray data are taken for at least 12 hours. (This part of cosmic ray data taking can be merged to SVAC muon data taking.)The data are analyzed as follows. Tracks are found and fit to straight lines with the layer under study omitted from the pattern recognition. Events are selected with a single, good-quality track. The projection of the track onto the selected layer is calculated, and a search is made for a hit cluster close to the track, if the extrapolation shows that the particle, to high confidence, passed through a live detector region.  The efficiency for finding a hit cluster is calculated from the full data set and recorded for each of the 16 SSDs in the layer. The threshold DAC is then varied and the efficiency measurement is repeated until the threshold range 0 has been explored. The same measurement is then repeated for all the layers in the tracker tower.

For each trigger in the above procedure, the status of all Layer-ORs is recorded, and the efficiency of each Layer-OR is calculated in the same manner as for the data readout.

During the same procedure, when a cluster is found close to the track in the selected layer, its distance from the track intersection is calculated and a histogram of that residual is made on a layer-by-layer basis.  The width of the distribution is a measure of the resolution (with some bias from the track fit), and the mean of the distribution gives an indication of the alignment quality.

The number of triggers registered in every combination of 3 x-y- layers is recorded as to check that every combination works with good efficiency.

4.2.5.1.9.8 TE601 – Threshold Calibration

This test obtains the optimum threshold for each GTFE provided that the charge injection system is calibrated.

The calibration DAC is set in each chip to about 1.25 fC (~1/4 MIP) injection, and the calibration and data masks are set to select in each layer a set of non-adjacent channels smaller in number than the GTRC buffer size. The threshold is scanned over a range about 1.25 fC, with about 100 events per setting taken.  For each setting the occupancy is calculated. The procedure is repeated for different mask settings until the data for all channels are taken. The best threshold for each GTFE is determined by a fit to the GTFE average occupancy vs. threshold. Noisy and dead channels as defined in the default configuration file should be excluded from the average.

4.2.5.1.9.9 TE602 – TOT Conversion Parameter Calibration

This test obtains conversion parameters from TOT into input charge for each channel provided that the charge injection system is calibrated.

The calibration and data masks are set to select only one channel in each GTRC. The calibration DAC is scanned over its whole range, with about 100 events per setting taken.  The TOT value as a function of injected charge is fit with a quadratic function for each channel. The fit parameters are stored in the SAS calibration database.

4.2.5.1.9.10 TE603 – MIP Calibration

This test calibrates the charge injection scale via TOT for each GTFE (or each channel if necessary).

Take cosmic ray data for 5 million events per tower. Measure muon MIP peak for each GTFE and obtain calibration DAC correction factor.

4.2.5.1.9.11 TE701 – Threshold Dispersion 

This test is performed to verify the threshold dispersion specification. (TKR Level IV, section 6.3)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time.  The calibration DAC is scanned over a range about 1.25 fC, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the threshold in terms of input charge. The procedure is repeated for different mask settings until the data for all channels are taken. Dead and noisy channels defined in the default configuration file should be excluded from the average.

4.2.5.1.9.12 TE702 – Trigger Jitter Measurement

This test is performed to verify the trigger jitter specification. (TKR Level IV, section 8.8)

The calibration and data masks in each layer are set to capture data from at most four (smaller than the GTFE buffer size) non-adjacent channels at a time. TACK delay is scanned over a nominal leading edge timing range, with about 100 events per setting taken.  For each setting the occupancy is calculated, and the data are used to fit for each channel to obtain the leading edge timing. The procedure is repeated for different mask settings until the data for all channels are taken. The above procedure is performed for the calibration DAC of 2.6 fC and largest charge (~30 fC.) Dead and noisy channels defined in the default configuration file should be excluded.

4.2.5.1.9.13 TE703 – Dead Time Measurement

This test is performed to verify the dead time specification. (TKR Level III, section 5.13)

The threshold DAC values are lowered enough to give a high noise occupancy (e.g. around 50%), and the data masks are set such that the occupancy per layer is roughly what is expected from Monte Carlo simulations of on-orbit background triggers for the tower in each simulated event with the largest number of hits, including the noise occupancy measured in test TE302.  External or solicited triggers are issued at a 1 kHz rate with a Poisson distribution in time, the system is read out as in the operational data-taking mode, and the dead time is measured.  The procedure is repeated with successively higher trigger rates up to 12 kHz.

4.2.5.1.9.14 TE704 - Noise Occupancy with Readout in Progress

This test is performed to verify the noise occupancy specification. (TKR Level III, section 5.12)

The calibration masks are set to simulate a typical high-energy photon conversion in the top converter layer (i.e. resulting in hits in every layer, with relatively high multiplicity in the lower layers), and the calibration DACs are set to inject about 5 fC. 100,000 pairs of events are taken as follows.  First, a calibration strobe is broadcast, followed by a trigger request to latch the data. (It is desirable to use trigger request from TKR three-in-a-row when GASU is available.) Then a readout of the data is begun, closely followed by a second trigger request issued before the readout is complete (it is desirable to vary the delay between the read-event command and the second trigger request). Then the second event is read out and the procedure repeated.  For each channel the occupancy from the triggers taken during readout is calculated and plots are made layer by layer.  For each event the trigger Layer-OR signals also are read and all possible 3-in-a-row trigger coincidences are calculated.  The individual Layer-OR occupancies are calculated from the full event sample of triggers taken during readout, and the same is done for the coincidences.

LAT501 – LAT Configuration 1 Tracker Comprehensive Performance Test

Purpose/Description:
LAT501, the Tracker CPT verifies in Configuration 1 the Tracker hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the Tracker in all operational modes.  The TKR CPT executes in the following sequence the test scripts TkrReadingConfigurationTest (TE203), TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrLayerTriggerRate (TE401), TkrTotTest (TE306), and effSuite (TE403).  Note that TkrThershDispersion (TE701) and TkrTriggerJitter (TE702) are added to the CPT during Thermal Vacuum tests. 

Success Criteria:
LAT501-1 For each function specified in 6.7.2.24.2.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT501-2 For each requirement specified in 6.7.2.24.2.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT501-3 All full and delta configuration files were successfully, uploaded, invoked, and verified.  Source – IN39.
LAT501-4 TKR GTRC Rate data is provided in the Science Data by the FSW and is correct and consistent with the LAT configuration in which it was collected.  Source – SF49.
LAT501-5 TKR GTRC Registers were successfully written to (commanded) and readback by FSW. Source – TKR-F3 and TKR-F4.

LAT501-6 TKR GTFE Registers were successfully written to (commanded) and readback by FSW. Source – TKR-F6 and TKR-F7.
LAT501-7 TKR GTRC, GTCC, and GTFE Registers were successfully written to using the FSW Broadcast command feature. Source – TKR-F8.
LAT501-8 The TKR GTRC were successfully commanded to the Left/Right splits of 24 GTFEs left, 18 GTFEs left/6 Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right. Source – TKR-F9.
LAT501-9 The TKR GTRC were successfully readout from the Left/Right splits of 24 GTFEs left, 18 GTFEs left/6 Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right. Source – TKR-F10.

LAT501-10 Charge was successfully injected into each TKR SSD at the level selected in the TKR Charge Injection DAC each time charge injection was commanded.  Source – TKR-F11.
LAT501-11 The TKR Calibration Masks were successfully used to enable and disable the TKR SSDs to which charge is injected.  Source – TKR-F12.
LAT501-12 The TKR Data Masks were successfully used to enable and disable data transmission from each of the TKR channels.  Source – TKR-F13.
LAT501-13 The TKR Trigger Thresholds were successfully set to the desired values commanded during the course of the test.  Source – TKR-F14.

LAT501-14 The TKR Charge Injection levels were successfully set to the desired values commanded during the course of the test.  Source – TKR-F15.
LAT501-15 The TKR Three-in-a-row trigger function generates a trigger whenever 3 or more contiguous trays in a tower receive an energy deposit above threshold.  Source – TKR-F17.

LAT501-16 The TKR Time Over Threshold (TOT) accurately measures the TOT for each energy deposit above threshold.  Source – TKR-F18.

LAT501-17 The TKR generates a TREQ when charge is injected above threshold or a cosmic ray is received that deposits energy in 3 or more contiguous trays that exceed the threshold settings.  Source – TKR-F19 and LVP293.

LAT501-18 The TKR produced an accurate Accept Hit Map, correct Hit Descriptors, and accurate TOT Measurements at a time consistent with the delay settings following receipt of each TACK.  Source – TKR-F20.

LAT501-19 The TKR produced a valid Accept Hit Map, correct Hit Descriptors, and accurate TOT Measurements that were correctly presented in the TEM Diagnostic data.  Source – TKR-F21.

LAT501-20 The TKR produced a single TREQ for each event that generated a trigger from 3 or more contiguous trays.  Source – TKR-F22.

LAT501-21 The TKR produced an accurate Accept Hit Map, correct Hit Descriptors, and accurate TOT Measurements at a time consistent with the delay settings following receipt of each External Trigger.  Source – TKR-F23.

LAT501-22 The TKR CPT completes successfully and therefore demonstrates the ability of the LAT to be checkout on-orbit.  Source – LVP45.

LAT501-23 The TKR CPT successfully completes and therefore demonstrates the ability of the LAT to be calibrated by collection of the TKR Diagnostic and Charge Injection data.  Source – LVP105.

LAT501-24 The L1 Trigger System can determine which events are valid based on the trigger input signals from the TKR.  Source – LVP294.

LAT501-25 The L1 Trigger System accepts trigger input signals from the TKR.  Source – LVP295.

LAT501-26 The L1 Trigger System can determine which events are valid based on the trigger input signals from the TKR.  Source – LVP298.

LAT501-27 The commands to calibrate and readout are executed by the TKR.  Source – LVP328.

LAT501-28 The TKR CPT successfully completes and the TKR’s performance is verified when before, during, and after the LAT is subjected to environments.  Source – LVP332.

LAT501-29 No current transients in excess of 15 mA/uS occur on the DAQ feed and 2.5 mA/uS on the SIU and VCHP reservoir heater feeds combined.  Source – LVP415 and LVP416.
LAT501-30 The following parameters are measured and within the specified limits during the course of the TKR CPT: TEM Measured Voltages, TEM Current Consumption Step Change, Average Channel Gain, RMS Channel Gain, Average Channel Noise, RMS Channel Noise, Dead Channels, Disconnected Channels, Single Strip Noise Occupancy, GTFE Noise Occupancy as a function of Threshold, Average SSD Noise, GTFE Threshold Lower Limit, GTFE Trigger rate as a function of Threshold, Time Over Threshold Gain, Trigger Primitive Rate, Channel Trigger Jitter, Noise Occupancy during Readout, and Average Deadtime.
4.2.5.1.9.15 LAT501 – Functions Validated

The test case LAT501 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

619) IN39 – Configuration File Delta Configurations/Overlays

At least once for each SIU (prime and redundant), verify the Delta Configuration feature by uploading and executing Configuration files that are necessary to perform the ACD, CAL, and TKR CPTs.  Verify proper file execution by telemetry and by confirming the appropriate register contents changed to the values specified.

620) SF49 – FSW collected TKR GTRC Rates

Once for each SIU (prime and redundant), during the Baseline and Final CPTs only, command the FSW to execute the TKR GTRC Rates diagnostic function.  Data will be collected for a minimum of 10 minutes.  Verify the FSW collects the data, the data format is as specified, and that contents of the data are correct, and as expected.  In addition, verify via Housekeeping Telemetry that these functions can be enabled and disabled by command.

621) TKR-F3 – TKR GTRC Register Readback

During the TKR CPTs verify via Housekeeping Telemetry that each GTRC Register can be accurately Readback.

622) TKR-F4 – TKR GTRC Register Commanding

During the TKR CPTs verify via Housekeeping Telemetry verify that each GTRC Register can be accurately commanded and addressed.

623) TKR-F6 – TKR GTFE Register Readback

During the TKR CPTs verify via Housekeeping Telemetry that each GCFE Register can be accurately Readback.

624) TKR-F7 – TKR GTFE Register Commanding

During the TKR CPTs verify via Housekeeping Telemetry verify that each GTRC Register can be accurately commanded and addressed.

625) TKR-F8 – GTFE/GTRC Broadcast Commands

During the TKR CPTs verify via Housekeeping Telemetry that each GTFE and GTRC Register can be accurately commanded using the Broadcast function.

626) TKR-F9 – GTRC Left/Right Command

During the TKR CPTs verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be commanded in all of the above configurations.

627) TKR-F10 – GTRC Left/Right Readout

During LAT001, verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be readout in all of the above configurations.

628) TKR-F11 – TKR Charge Injection

During the TKR CPTs, verify that charge can be injected into each channel at the intended level and that relevant data can be read back.

629) TKR-F12 – TKR Calibration Mask

During the TKR CPTs, verify using the Calibration Mask to Enable and Disable Charge Injection to individual TKR channels.

630) TKR-F13 – TKR Data Mask

During the TKR CPTs, verify using the Data Mask to Enable and Disable data from each individual TKR channel.

631) TKR-F14 – TKR Trigger Threshold Set

During the TKR CPTs, verify the TKR Trigger Thresholds can be set to any valid value.

632) TKR-F15 – TKR Charge Injection Level Set

During the TKR CPTs, verify the TKR Charge Injection Level can be set to any valid value.

633) TKR-F17 – TKR Three-in-a-row Trigger

During the TKR CPTs, verify the TKR provides a Three-in-a-row Trigger Request (TREQ) whenever 3 or more contiguous TKR trays have charge injected above threshold or are struck by a cosmic ray with energy that is above threshold.

634) TKR-F18 – TKR Time Over Threshold (TOT) Measurement 

During the TKR CPTs, verify the TKR correctly measures the TOT when charge is injected above threshold or a cosmic ray strikes a TKR with energy that is above threshold.

635) TKR-F19 – TKR Trigger Request (TREQ) Generation

During the TKR CPTs, verify the TKR generates a Trigger Request (TREQ) when charge is injected over threshold or a cosmic ray deposits energy in an SSD that is over threshold.

636) TKR-F20 – TKR Trigger Acknowledge Response

During the TKR CPTs, verify the TKR provides a valid Accept Hit Map, Hit Descriptors, and correct Time Over Threshold measurements in response to each Trigger Acknowledge (TACK) signal received.

637) TKR-F21 – TKR TEM Diagnostics

During the TKR CPTs, verify the TKR provides to the TEM valid Diagnostic data (Accept Hit Map, Hit Descriptors, and TOT) as a result of charge that is injected or a cosmic ray that deposits energy that is above threshold.

638) TKR-F22 – TKR Layer-OR

During the TKR CPTs, verify the TKR Layer-OR function by showing that only one TREQ is generated by a TKR tower for the same event only when 3 or more trays produce a trigger.

639) TKR-F23 – TKR External Trigger
During the TKR CPTs, verify the TKR generates a valid Accept Hit Map, Hit Descriptors, and correct Time Over Threshold measurements in response to each externally injected trigger.

4.2.5.1.9.16 LAT501 – Requirement Verification

The test case LAT501 shall perform, in Configuration 1, the tests below which verify or collect the data to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

640) LVP45/LSP587 – LAT In-Orbit Checkout

Verification: D5 
641) LVP105/LPS586 – LAT Calibration

Verification: T5
642) LVP295/TDF3-9 – Detector Trigger Inputs

Verification: D5
643) LVP298/TDF3-15 – Trigger Acknowledgement

Verification: D5
644) LVP332/TDF3-82 – Environmental Conditions

Verification: T5
LAT502 – LAT Configuration 2 Tracker Comprehensive Performance Test

Purpose/Description:
LAT502, the Tracker CPT verifies in Configuration 2 the Tracker hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the Tracker in all operational modes.  The TKR CPT executes in the following sequence the test scripts TkrReadingConfigurationTest (TE203), TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrLayerTriggerRate (TE401), TkrTotTest (TE306), and effSuite (TE403).  Note that TkrThershDispersion (TE701) and TkrTriggerJitter (TE702) are added to the CPT during Thermal Vacuum tests. 

Success Criteria:
The success criteria for LAT502 are identical to those specified for LAT501 and described in 6.7.2.24.2 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2..

4.2.5.1.9.17 LAT502 – Functions Validated

Unless otherwise noted below, the test case LAT502 shall perform, in Configuration 2, the tests indicated in 6.7.2.24.2.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.9.18 LAT502 – Requirement Verification

Unless otherwise noted below, the test case LAT502 shall perform, in Configuration 2, the tests indicated in 6.7.2.24.2.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 
LAT Tracker Limited Performance Test

The Tracker LPT verifies the functional capability of the Tracker has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The TKR LPT executes in the following sequence the test scripts TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrTotTest (TE306), and TkrLayerTriggerRate (TE401).

LAT511 – LAT Configuration 1 Tracker Limited Performance Test

Purpose/Description:
LAT511 verifies in Configuration 1 the functional capability of the TKR has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The TKR LPT executes in the following sequence the test scripts TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrTotTest (TE306), and TkrLayerTriggerRate (TE401). 

Success Criteria:
LAT511-1 For each function specified in 6.7.2.25.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT511-2 For each requirement specified in 6.7.2.25.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT511-3 TKR GTRC Registers were successfully written to (commanded) and readback by FSW. Source – TKR-F3 and TKR-F4.

LAT511-4 TKR GTFE Registers were successfully written to (commanded) and readback by FSW. Source – TKR-F6 and TKR-F7.
LAT511-5 TKR GTRC, GTCC, and GTFE Registers were successfully written to using the FSW Broadcast command feature. Source – TKR-F8.
LAT511-6 The TKR GTRC were successfully commanded to the Left/Right splits of 24 GTFEs left, 18 GTFEs left/6 Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right. Source – TKR-F9.
LAT511-7 The TKR GTRC were successfully readout from the Left/Right splits of 24 GTFEs left, 18 GTFEs left/6 Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right. Source – TKR-F10.

LAT511-8 The TKR Data Masks were successfully used to enable and disable data transmission from each of the TKR channels.  Source – TKR-F13.
LAT511-9 The TKR Trigger Thresholds were successfully set to the desired values commanded during the course of the test.  Source – TKR-F14.

LAT511-10 TKR Low Rate Science Counters accurately count each TKR Three-in-a-row trigger.  Source – TKR-F16.

LAT511-11 The TKR Three-in-a-row trigger function generates a trigger whenever 3 or more contiguous trays in a tower receive an energy deposit above threshold.  Source – TKR-F17.

LAT511-12 The TKR generates a TREQ when charge is injected above threshold or a cosmic ray is received that deposits energy in 3 or more contiguous trays that exceed the threshold settings.  Source – TKR-F19.

LAT511-13 The TKR produced an accurate Accept Hit Map, correct Hit Descriptors, and accurate TOT Measurements at a time consistent with the delay settings following receipt of each TACK.  Source – TKR-F20.

LAT511-14 The TKR produced a valid Accept Hit Map, correct Hit Descriptors, and accurate TOT Measurements that were correctly presented in the TEM Diagnostic data.  Source – TKR-F21.
4.2.5.1.9.19 LAT511 – Functions Validated

The test case LAT511 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

645) TKR-F3 – TKR GTRC Register Readback

During the TKR CPTs verify via Housekeeping Telemetry that each GTRC Register can be accurately Readback.

646) TKR-F4 – TKR GTRC Register Commanding

During the TKR CPTs verify via Housekeeping Telemetry verify that each GTRC Register can be accurately commanded and addressed.

647) TKR-F6 – TKR GTFE Register Readback

During the TKR CPTs verify via Housekeeping Telemetry that each GCFE Register can be accurately Readback.

648) TKR-F7 – TKR GTFE Register Commanding

During the TKR CPTs verify via Housekeeping Telemetry verify that each GTRC Register can be accurately commanded and addressed.

649) TKR-F9 – GTRC Left/Right Command

During the TKR CPTs verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be commanded in all of the above configurations.

650) TKR-F10 – GTRC Left/Right Readout

During LAT001, verify via Housekeeping Telemetry that the GTRCs can be configured for the splits 24 GTFEs Left, 18 GTFEs Left/6 GTFEs Right, 12 GTFEs Left/12 GTFEs Right, 6 GTFEs Left/18 GTFE Right, and 24 GTFEs Right.  Further, verify that all registers in each GTFE assigned to each GTRC can be readout in all of the above configurations.

651) TKR-F13 – TKR Data Mask

During the TKR CPTs, verify using the Data Mask to Enable and Disable data from each individual TKR channel.

652) TKR-F14 – TKR Trigger Threshold Set

During the TKR CPTs, verify the TKR Trigger Thresholds can be set to any valid value.

653) TKR-F16 – TKR Low Rate Science Counters

During the TKR CPTs, verify the Low Rate Science counters count each TKR trigger for each time charge is injected above threshold or a cosmic ray strikes an SSD with energy that is above threshold.

654) TKR-F17 – TKR Three-in-a-row Trigger

During the TKR CPTs, verify the TKR provides a Three-in-a-row Trigger Request (TREQ) whenever 3 or more contiguous TKR trays have charge injected above threshold or are struck by a cosmic ray with energy that is above threshold.

655) TKR-F19 – TKR Trigger Request (TREQ) Generation

During the TKR CPTs, verify the TKR generates a Trigger Request (TREQ) when charge is injected over threshold or a cosmic ray deposits energy in an SSD that is over threshold.

656) TKR-F20 – TKR Trigger Acknowledge Response

During the TKR CPTs, verify the TKR provides a valid Accept Hit Map, Hit Descriptors, and correct Time Over Threshold measurements in response to each Trigger Acknowledge (TACK) signal received.

657) TKR-F21 – TKR TEM Diagnostics

During the TKR CPTs, verify the TKR provides to the TEM valid Diagnostic data (Accept Hit Map, Hit Descriptors, and TOT) as a result of charge that is injected or a cosmic ray that deposits energy that is above threshold.
4.2.5.1.9.20 LAT511 – Requirement Verification

None.

LAT512 – LAT Configuration 2 Tracker Limited Performance Test

Purpose/Description:
LAT512 verifies in Configuration 2 the functional capability of the TKR has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The TKR LPT executes in the following sequence the test scripts TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), TkrGTFENoiseOccupancyScan (TE303), TkrTotTest (TE306), and TkrLayerTriggerRate (TE401). 

Success Criteria:
The success criteria for LAT512 are identical to those specified for LAT511 and described in 6.7.2.25.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 2.
4.2.5.1.9.21 LAT512 – Functions Validated

Unless otherwise noted below, the test case LAT512 shall perform, in Configuration 2, the tests indicated in 6.7.2.25.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.9.22 LAT512 – Requirement Verification

None.

LAT521 - LAT Light Tight Test

Verify the LAT is Light Tight by illuminating, section by section, the entire outside surface of the LAT using a light source whose intensity is that of one sun, and showing that the sun is not a noise source and does not create false triggers.  
LAT521 – LAT Configuration 1 Light Tight Test

Purpose/Description:
LAT521 verifies in configuration 1 that the LAT is Light Tight and does not show an increase in event trigger rates when subjected to sunlight.   Using ground operational settings with the CAL Low Energy (LE) in single range readout, inject periodic triggers at 100 Hz, and collects event data for 10 minutes from a selected area of the LAT without illumination to establish a baseline trigger rate.  The same area is then illuminated for 10 minutes and the same detector scripts are run to see if there is an increase in the event trigger rate using the same.   The illumination is then removed and the detector scripts are repeated and the results compared to the first run to confirm the event rate returned to normal and that ACD and CAL Low Energy (LE) pedestals did not increase while the LAT is illuminated.  The light source is then moved and this process is repeated until the entire exterior of the LAT has been illuminated.  Note that some thought needs to be given to the angle of incident sun light at each location and some areas of the instrument may be illuminated at more than one angle. Mechanically the LAT shall not be in the purge bag and no ACD MLI shall be installed. 
Success Criteria:
LAT521-1 For each function specified in 6.7.2.26.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT521-2 For each requirement specified in 6.7.2.26.1.2 below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT521-3 Detector noise occupancy rates are at or below nominal values when the LAT is illuminated with a sun source.  Source – IC27
4.2.5.1.9.23 LAT521 – Functions Validated

The test case LAT511 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

658) IC27 – Instrument Light Tightness

During LAT521 validate the LAT does not experience an increase in event trigger rates when illuminated with sun light.

4.2.5.1.9.24 LAT521 – Requirement Verification

None.

T&DF False Triggers

Data collection that searches for evidence of false triggering such as: 1) Galloping trigger rate; 2) Adjacent event similarity; 3) Adjacent event trigger pattern similarity; 4) Non-Poisson's distribution for Cosmic Rays.

4.2.5.1.10 LAT651 - T&DF False Triggers

Purpose/Description:
Data collection will be performed in Configuration 1 that searches for evidence of false triggering such as: 1) Galloping trigger rate; 2) Adjacent event similarity; 3) Adjacent event trigger pattern similarity; 4) Non-Poisson's distribution for Cosmic Rays.
Success Criteria:
LAT651-1 For each function specified in 6.7.2.27.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT651-2 For each requirement specified in 6.7.2.27.1.2  below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT651-3 False triggering such as galloping trigger rate, adjacent event similarity, adjacent event similar trigger pattern, of a non-Poisson’s distribution of CRs occurs in this test.  Source – IC28
4.2.5.1.10.1 LAT651 – Functions Validated

The test case LAT651 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

659) IC28 – False Triggering Check

Collect event data and verify that no or a low rate of false trigger exists that exhibit characteristics of 1) Galloping trigger rate; 2) Adjacent event similarity; 3) Adjacent event trigger pattern similarity; 4) Non-Poisson's distribution for Cosmic Rays. 

4.2.5.1.10.2 LAT651 – Requirement Verification

None.
T&DF Data Transport Errors

An existing LATTE 4 test will be run at the LAT Level that deliberately induces Data transport errors by setting configuration registers to reverse the expected parity.  The behavior of the LAT is observed with data transport errors present.

4.2.5.1.11 LAT661 - T&DF Data Transport Errors

Purpose/Description:
An existing LATTE 4 test will be run in Configuration 1 only at the LAT Level that deliberately induces Data transport errors by setting configuration registers to reverse the expected parity.  The behavior of the LAT is observed with data transport errors present.

Success Criteria:
LAT661-1 For each function specified in 6.7.2.27.1.1 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering. 

LAT661-2 For each requirement specified in 6.7.2.27.1.2  below, the required verification activities have been successfully completed and the pass criteria has been met or exceeded as determined by the requirement owner and Systems Engineering. 

LAT661-3 Induced parity error checks are detected and flagged when and where expected in the event fabric, the trigger fabric, and the command/response fabric.  Source – IN45, IN46, IN47, LVP327
4.2.5.1.11.1 LAT661 – Functions Validated

The test case LAT661 shall perform, in Configuration 1, the tests below which validate the following functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

660) IN45 – Event Parity Check

Verify Event fabric parity checks between the LCB and EBM, EBM to AEM, and EBM to TEM by writing opposite parity to the registers and confirming data that indicates bad parity is not used by any component. 

661) IN46 – Trigger Parity Checks

Verify Trigger fabric parity checks between the GEM and AEM and GEM to TEM Cable Controllers by writing opposite parity to the registers and confirming data that indicates bad parity is not used by any component.   

662) IN47 – Command/Response Parity Checks

Verify the Command/Response fabric parity checks for the LCB to AEM, EBM, GEM, and TEM interfaces by writing opposite parity to the TIC, CCC, TCCC, CRC, and TRC registers and confirming data that indicates bad parity is not used by any component.  

4.2.5.1.11.2 LAT661 – Requirement Verification

None.  
LAT Level Science Verification, Analysis, and Calibration Tests
The LAT Level Science Verification, Analysis and Calibrations (SVAC) Tests require that charge injection calibrations be performed and validated prior to the final cosmic ray tests. Charge injection calibrations shall be performed with FSW if adequate constants are not available from prior tests. In the case of not using FSW, it shall be demonstrated elsewhere that the ability to perform charge injection calibrations is consistent with the on-orbit needs. The bulk of the SVAC tests consist of cosmic ray data taking. The main requirements at the LAT level are LPS47 (deadtime), CAL3-56 (CAL Mip position centroid) and CAL3-59 (CAL MIP PSF 68% containment). No science requirements are directly verified using the instrument test data from the SVAC runs. 

However the instrument test data analysis is extremely important here because it informs the realism of the simulation. Specifically, the noise characteristics of each subsystem and the list of bad channels and operational thresholds are key inputs to the simulation. Other features and idiosyncrasies in the test data analysis that have substantive impact on the science performance must also be taken into account. These include the size limit of the TKR readout cable buffer and per-event system deadtime measurement.  The SVAC runs collect cosmic rays in both primary and redundant GASU configurations.

The table below summarizes the SVAC tests. Most of the tests are derived from the configurations of LAT701. Therefore this test will be defined in more details.

For all tests on-orbit FSW filter is OFF and a special FSW filter for GND tests is required for tests involving nominal or high rates with external pulser. The filter shall not reject cosmic rays but instead the empty events. The special filter shall allow triggering for all events but allow only 1 to 10% of the “empty” triggers to be written to disk.

	Test ID
	Description
	FSW Filter
	GASU
	Comments

	LAT701
	Flight configuration on the GND 
	OFF
	Primary
	Some runs: LAT oriented horizontally

	LAT 702
	Flight configuration on the GND
	OFF
	Secondary
	 

	LAT 711
	Flight configuration on the GND: CAL  muon gain
	OFF
	Primary
	 

	LAT 801
	Flight configuration on the GND
	OFF
	Primary
	28V PS min value

	LAT 811
	Flight configuration on the GND
	OFF
	Primary
	28V PS max value

	LAT 821
	Flight configuration on the GND
	ON (GND)
	Primary
	External Pulser for high trigger rate

	LAT 831
	Flight configuration on the GND: CAL  muon gain
	ON (GND)
	Primary
	External Pulser for high trigger rate

	LAT 841
	Flight configuration on the GND
	ON (GND)
	Primary
	External Pulser and 28V PS min value

	LAT 851
	Flight configuration on the GND
	ON (GND)
	Primary
	External Pulser and 28V PS max value

	LAT 852
	Flight configuration on the GND
	ON (GND)
	Secondary
	External Pulser and 28V PS max value


Table 6‑3
SVAC Test Overview
LAT701 – SVAC Flight Configuration on the Ground

Purpose/Description:
The test consists of taking 48 hours of cosmic rays in redundancy configuration 1. As part of the process of validating the infrastructure for the test, it should be run for 1 hour at least a week before the “run for the record”.  For the last SVAC test @ SLAC, the LAT shall be oriented with the Z axis horizontally to record cosmic rays for 16 hours to establish baseline prior to shipment to NRL. This is the same configuration used for cosmic ray tests at NRL.

Trigger Configuration and Region of Interest

The LAT is configured with multiple trigger engines as specified below and the instrument readout as similar as possible to that on-orbit. 
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Table 6‑4
SVAC Trigger Engine Definitions

Threshold Configuration

The CAL is readout in auto-range, single range (1-range) readout.
	Threshold
	Units
	Comments

	
	DAC
	MeV
	MIP
	

	CAL_LE
	
	100
	
	Values to be determined from calibrations

	CAL_HE
	
	1000
	
	Values to be determined from calibrations

	CAL_LAC
	
	2
	
	Zero suppression. Values to be determined from calibrations

	TKR
	~30
	
	~0.3
	Values to be determined through calibrations to optimize efficiency

	ACD Veto
	
	
	0.3
	Values to be determined from calibrations

	ACD CNO
	
	
	7.8
	lowest possible value on the GND

	ACD_
	+15
	
	
	Zero suppression is defined as a constant offset of 15 counts above pedestal


Table 6‑5
SVAC Threshold Configurations
Timing Configuration

The timing configuration is determined by the dedicated trigger tests and validated settings are used as input for the SVAC cosmic ray runs.
Regions of Interest

The default ROI shall be used and is defined below.

(we will add a table here)

Success Criteria:
 LAT701-1 No DAQ or transport errors except TKR CC buffer errors at the level of < 10-3 (consistent with cosmic ray showers when the this buffer limit is set to 63 for each TKR front end)  

4.2.5.1.11.3 LAT701 – Functions Validated

None

4.2.5.1.11.4 LAT701 – Requirement Verification

The test case LAT701 shall perform, in Configuration 1, the tests specified below which verify the following requirements.  Note for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

663) LVP268/CAL3-37 – CAL Cosmic Ray Calibration

Verification: A5 
664) LVP269/CAL3-56 – MIP Position Centroid Accuracy

Verification: A5 
665) LVP270/CAL3-59 – CAL SPAR at 68% Containment

Verification: A5

LAT702 – SVAC Flight Configuration on the Ground 

Purpose/Description:
The test consists of taking 8 hours of cosmic rays in redundancy configuration 2. The configuration is the same as in LAT701. As part of the process of validating the infrastructure for the test, it should be run for 1 hour at least a week before the “run for the record”. 
Success Criteria:
LAT 702-1 Same as LAT701.

4.2.5.1.11.5 LAT702 – Functions Validated

Same as LAT701
4.2.5.1.11.6 LAT702 – Requirement Verification

Same as LAT701.

LAT711 – SVAC Muon Calibrations 

Purpose/Description:
The test consists of taking 16 hours of cosmic rays in redundancy configuration 2. The configuration is the same as in LAT701 but the CAL is configured with the muon gain.

As part of the process of validating the infrastructure for the test, it should be run for 1 hour at least a week before the “run for the record”. 
Success Criteria:
LAT 711-1  Same as LAT701.

4.2.5.1.11.7 LAT711 – Functions Validated

Same as LAT701
4.2.5.1.11.8 LAT711 – Requirement Verification

Same as LAT701.

LAT801 – SVAC Minimum Feed Voltage
Purpose/Description:
LAT801 fulfills in part the ETE Committee’s recommendation to perform a Conditioned Scan Cosmic Ray test.  The test consists of running the LICOS scripts AcdPedestal, calu_pedestals_ci, and TkrNoiseOccupancy, and then collecting 10 minutes worth of muon data in redundancy configuration 1. The LATC configuration is the same as in LAT701.  The SIU and DAQ 28V feed voltages are set to 27 V at the LAT Power Rack output.

Success Criteria:
LAT 801-1 Same as LAT701.

4.2.5.1.11.9 LAT801 – Functions Validated

Same as LAT701
4.2.5.1.11.10 LAT801 – Requirement Verification

Same as LAT701.

LAT811 – SVAC Maximum Feed Voltage

Purpose/Description:
LAT811 fulfills in part the ETE Committee’s recommendation to perform a Conditioned Scan Cosmic Ray test.  The test consists of running the LICOS scripts AcdPedestal, calu_pedestals_ci, and TkrNoiseOccupancy, and then collecting 10 minutes worth of muon data in redundancy configuration 1. The LATC configuration is the same as in LAT701.  The SIU and DAQ 28V feed voltages are set to 29.5 V at the LAT Power Rack output.

Success Criteria:
LAT 811-1
Same as LAT701.

4.2.5.1.11.11 LAT811 – Functions Validated

Same as LAT701
4.2.5.1.11.12 LAT811 – Requirement Verification

Same as LAT701.

LAT812 – SVAC Maximum Feed Voltage
Purpose/Description:
LAT812 fulfills in part the ETE Committee’s recommendation to perform a Conditioned Scan Cosmic Ray test.  The test consists of running the LICOS scripts AcdPedestal, calu_pedestals_ci, and TkrNoiseOccupancy, and then collecting 10 minutes worth of muon data in redundancy configuration 2. The LATC configuration is the same as in LAT702.  The SIU and DAQ 28V feed voltages are set to 29.5 V at the LAT Power Rack output.

Success Criteria:
LAT 812-1
Same as LAT702.

4.2.5.1.11.13 LAT812 – Functions Validated

Same as LAT702
4.2.5.1.11.14 LAT812 – Requirement Verification

Same as LAT702.

LAT821 – SVAC High Trigger Rate

Purpose/Description:
The test consists of taking 1 hour of cosmic rays in redundancy configuration 1. The configuration is the same as in LAT701 and an external pulse generator is added as a trigger source @ 15 kHz. Need a special FSW filter to pass-through 1 to 10% of the pulser events to minimize deadtime?

Success Criteria:
LAT 821-1 Same as LAT701.

4.2.5.1.11.15 LAT821 – Functions Validated

Same as LAT701
4.2.5.1.11.16 LAT821 – Requirement Verification

Same as LAT701.

LAT831 – SVAC High Trigger Rate with Muon Gain
Purpose/Description:
The test consists of taking 1 hour of cosmic rays in redundancy configuration 1. The configuration is the same as in LAT701 and an external pulse generator is added as a trigger source @ 15 kHz and the CAL is set to muon gain.

Success Criteria:
LAT 831-1 Same as LAT701.

4.2.5.1.11.17 LAT831 – Functions Validated

Same as LAT701
4.2.5.1.11.18 LAT831 – Requirement Verification

Same as LAT701.

LAT841 – SVAC High Trigger Rate Minimum Voltage
Purpose/Description:
The test consists of taking 1 hour of cosmic rays in the redundancy configuration 1. The configuration is the same as in LAT701 and an external pulse generator is added as a trigger source @ 15 kHz and the SIU and DAQ 28V feed voltages are set to 27 V at the LAT Power Rack output.
Success Criteria:
LAT 841-1 Same as LAT701.

4.2.5.1.11.19 LAT841 – Functions Validated

Same as LAT701
4.2.5.1.11.20 LAT841 – Requirement Verification

The test case LAT841 shall perform, in Configuration 1, the tests specified below which verify the following requirements.  Note for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

666) LVP157/LPS593 – LAT Regulated Input Voltage Range

Verification: T5 
LAT851 – SVAC High Trigger Rate, Maximum Voltage
Purpose/Description:
The test consists of taking 1 hour of cosmic rays in the primary GASU configuration. The configuration is the same as in LAT701 and an external pulse generator is added as a trigger source @ 15 kHz and the SIU and DAQ 28V feed voltages are set to 29.5 V at the LAT Power Rack output.  This test case must be run both during a TV Hot Plateau and a TV Cold Plateau.  In addition, during a TV Cold Plateau, LAT851 shall be executed with the VCHP heaters commanded full-on for a minimum of 10 minutes.  This is to simulate the LAT maximum power draw. 
Success Criteria:
LAT 851-1 Same as LAT701.

4.2.5.1.11.21 LAT851 – Functions Validated

Same as LAT701
4.2.5.1.11.22 LAT851 – Requirement Verification

The test case LAT851 shall measure and/or calculate each of the items specified below and verify that each of those values falls within the range specified.  Note that for additional details on LAT Test Parameters, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659.

667) LVP41/LPS493 – LAT Peak Power 

Verification: T5 

668) LVP154/LPS496 – SIU Peak Power 

Verification: T5 

669) LVP156/LPS500 – DAQ Peak Power 

Verification: T5
670) LVP157/LPS593 – LAT Regulated Input Voltage Range 

Verification: T5
LAT852 – SVAC High Trigger Rate, Maximum Voltage 

Purpose/Description:
The test consists of taking 1 hour of cosmic rays in redundancy configuration 2. The configuration is the same as in LAT 851 (an external pulse generator is added as a trigger source @ 15 kHz and the SIU and DAQ 28V feed voltages are set to 29.5 V at the LAT Power Rack output).

Success Criteria:
LAT 852-1 Same as LAT701.

4.2.5.1.11.23 LAT852 – Functions Validated

Same as LAT701
4.2.5.1.11.24 LAT852 – Requirement Verification

Unless otherwise noted below, the test case LAT852 shall perform, in Configuration 2, the tests indicated in 6.7.2.29.10.2 above which verify the specified requirements.  Note that for additional details on LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 

SVAC Tests – Data Collection for Requirement Verification

The SVAC test shall collect data for the analysis to verify the following requirements.  Note for additional details on each LAT requirement; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Each requirement is identified below by its Verification Identifier (VERID)/Requirement Identified (REQID) pair.

671) LVP1/LPS7 – Gamma Energy Measurement Range

Verification: A5

672) LVP46/LPS143 – Effective Area at 20 MeV
Verification: A5

673) LVP2/LPS144 – Effective Area at 100 MeV
Verification: A5

674) LVP3/LPS145 – Effective Area at 300 GeV
Verification: A5

675) LVP4/LPS10 – 20 to 100 MeV Energy Resolution 

Verification: A5

676) LVP5/LPS146 – 100 MeV to 10 GeV Energy Resolution 

Verification: A5

677) LVP6/LPS147 – 10 to 300 GeV Energy Resolution 

Verification: A5

678) LVP7/LPS12 – Tracked Gamma Rays Energy Resolution 

Verification: A5

679) LVP8/LPS15 – Peak Effective Area 

Verification: A5

680) LVP9/LPS18 – Effective Area Knowledge

Verification: A5

681) LVP10/LPS150 – Effective Area Knowledge

Verification: A5

682) LVP11/LPS21 – Tracker Front On-Axis SPAR: 100 MeV

Verification: A5

683) LVP12/LPS151 – Tracker Back On-Axis SPAR: 100 MeV

Verification: A5

684) LVP13/LPS22 – Tracker Front On-Axis SPAR: 10 GeV

Verification: A5

685) LVP14/LPS152 – Tracker Back On-Axis SPAR: 10 GeV

Verification: A5

686) LVP15/LPS26 – On-Axis SPAR at 95% Containment

Verification: A5

687) LVP16/LPS29 – Off-Axis SPAR

Verification: A5

688) LVP17/LPS32 – Field of View

Verification: A5

689) LVP18/LPS35 – Source Location Determination

Verification: A5

690) LVP19/LPS38 – Point Source Sensitivity

Verification: A5

691) LVP21/LPS44 – Background Rejection Capability

Verification: A5

692) LVP277/CAL3-6 – Calorimeter Energy Range

Verification: A5

693) LVP278/CAL3-16 – CsI Scintillation Crystal Energy Measurement Range

Verification: A5

694) LVP279/CAL3-21 – On-axis Low Range Energy Resolution (20 – 100 MeV)

Verification: A5

695) LVP280/CAL3-22 – On-axis Intermediate Range Energy Resolution (100 MeV – 10 GeV)

Verification: A5

696) LVP281/CAL3-26 – On-axis High Range Energy Resolution (10 – 300 GeV)

Verification: A5

697) LVP266/CAL3-29 – Off-axis High Range Energy Resolution

Verification: A5

698) LVP268/CAL3-37 – CAL Cosmic Ray Calibration

Verification: A5

699) LVP269/CAL3-56 – MIP Position Centroid Accuracy

Verification: A5

700) LVP270/CAL3-59 – CAL SPAR at 68% Containment

Verification: A5

701) LVP273/CAL3-71 – Low Energy Trigger Signal

Verification: T5
702) LVP274/CAL3-74 –  High Energy Trigger Signal

Verification: T5
LAT FSW File System Verification

Following the final upload of FSW using LAT04x, during the Final LAT Test, verify all LAT processor permanent memory storage devices contain all expected FSW and associated files.  Compare the LAT processor contents to the file system record maintained by FMX and resolve all differences either by modifying the contents of the file system on the LAT or correcting the FMX record.  This will establish the LAT Pre-ship FSW baseline.

LAT901 – LAT Configuration 1 FSW File System Verification

Purpose/Description:
LAT901 verifies, in Configuration 1, the Primary SIU SUROM and EEPROM, EPU0 SUROM and EEPROM, and EPU1 SUROM and EEPROM contain all expected FSW and associated files by performing dumps and compares to FMX.  All differences between the FMX record and the FSW are resolved by modifying the contents of the LAT file system or by correcting the FMX record as appropriate.
Success Criteria:
LAT901-1 The contents of Primary SIU, EPU0, and EPU1 SUROM and EEPROM and the FMX File System record are verified correct by FSW.
LAT901-2 The FSW Pre-ship Baseline is established. 

4.2.5.1.11.25 LAT901 – Functions Validated

None.
4.2.5.1.11.26 LAT901 – Requirement Verification

None.

LAT902 – LAT Configuration 2 FSW File System Verification

Purpose/Description:
LAT902 verifies, in Configuration 1, the Redundant SIU SUROM and EEPROM and EPU2 SUROM and EEPROM contain all expected FSW and associated files by performing dumps and compares to FMX.  All differences between the FMX record and the FSW are resolved by modifying the contents of the LAT file system or by correcting the FMX record as appropriate.

Success Criteria:
The success criteria for LAT902 are identical to those specified for LAT901 and described in 6.7.2.30.1.1 above, with the exception that all function validation and requirement verification is performed using the units and interfaces required by Configuration 1.

4.2.5.1.11.27 LAT902 – Functions Validated

Unless otherwise noted below, the test case LAT902 shall perform, in Configuration 2, the tests indicated in 6.7.2.30.1.1 above which validate the specified functions.  Note that for additional details on LAT Functions, see the LAT Function Validation and Test Parameters Matrix, LAT-TD-07659. 

4.2.5.1.11.28 LAT902 – Requirement Verification

Unless otherwise noted below, the test case LAT902 shall perform, in Configuration 2, the tests indicated in 6.7.2.30.1.2 above which verify the specified requirements.  Note that for additional details on LAT requirements; see the LAT Verification Cross Reference Matrix (VCRM), LAT-MD-07658.   Note that each requirement is identified by its Verification Identifier (VERID)/Requirement Identified (REQID) pair. 

LAT Observatory Level Test

LAT Observatory Level Test verifies the full LAT is functional as a scientific Instrument when integrated to the Observatory and that it also meets all performance requirements across the entire regime of the space environments.  Each test case defined below is formulated to validate specific LAT functions and to assess the LAT’s continued health through Observatory level environments testing.  Note that because the ground test environment lacks the high energy gamma rays the LAT is meant to detect, much of Instrument Observatory level test consists of collecting Muon data and inferring LAT performance through analysis.

Each test case defined below provides the following information:

703) A brief description of the test

704) The test purpose

705) Required test resources

706) Any constraints or limitations to be considered during the execution of the test

707) The test objectives, including a cross-reference to requirements and/or functions that are to be verified or validated by the test 

708) Any parameters to be measured during the test

709) The success criteria

4.2.6 LAT Observatory Level Test Phases

A high-level description of GLAST Observatory test phase is provided here for reference only.  The General Dynamics GLAST Observatory Test Plan (see reference [34]) takes precedence and should be considered the final authority on the GLAST Observatory test sequence.
LAT Functional Test

The LAT Functional Test (LFT) is the first Observatory level test performed following LAT integration to the Spacecraft.  The LAT Functional Test is to be executed in Factory of the Future (FoF) clean room located on the General Dynamics Gilbert, AZ campus.  The LAT portion of the LFT consists of the execution of the test cases specified in Table 6‑6 above in the order determined by the Spacecraft and LAT test directors.  The purpose of the LFT, from the LAT perspective, is three fold.

First, numerous LAT functions are validated.  This is done primarily to show the FSW functions properly in the environment of the fully integrated Observatory and can interface with all hardware.  A limited number of FSW functions are validated in an all redundant configuration to demonstrate there are no FSW/hardware interface issues with regard to redundant units.

Second, a Subsystem CPT is performed on all LAT Detector Subsystems in the all primary configuration to verify the continued health of the Instrument.   A Science Operations Demonstration is run in six cross-strapped configurations while power is applied in an additional 3 configurations to verify every copper path is functional and that no issues exist in unit to unit interfaces.  The trend data baseline for subsystem performance at the Observatory level is also established.

Finally, an understanding of the performance of GLAST as an integrated scientific observatory is first evaluated during LFT using Muons. 
Table 6‑6
LAT Observatory Level Test Case Execution Matrix 
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LAT Comprehensive Performance Test X X X X X X X X X

LAT Limited Performance Test X X X X X X X X X X X

LAT Aliveness X X X X X

L-OBS-001 – LAT Config 1 Power On  1 1 X 1 X 3 X 3 2 2 3 3 3 2 2 1 X 1 X 1 X 2 2 X 2 2 2 X 1 1 X 1 X

L-OBS-002 – LAT Config 2 Power On  1 1 X 1 X 3 X 3 2 2 3 3 3 2 2 1 X 1 1 X 2 X 2 2 X 2 X 2 1 X 1 1 X

L-OBS-003 – LAT Config 3 Power On  1 1 1 1 1 1 1 1 1

L-OBS-004 – LAT Config 4 Power On  1 1 1 1 1 1 1 1 1

L-OBS-005 – LAT Config 5 Power On  1 1 1 1 1 1 1 1 1

L-OBS-006 – LAT Config 6 Power On  1 1 1 1 1 1 1 1 1

L-OBS-007 – LAT Config 7 Power On  1 1 1 1 1 1 1 1 1

L-OBS-008 – LAT Config 8 Power On  1 1 1 1 1 1 1 1 1

L-OBS-009 – LAT Config 9 Power On  1 1 1 1 1 1 1 1 1

L-OBS-011 – LAT Config 1 Power Off 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

L-OBS-012 – LAT Config 2 Power Off 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

L-OBS-013 – LAT Config 3 Power Off 1 7 7 7 7 7 7 7 7

L-OBS-014 – LAT Config 4 Power Off 1 7 7 7 7 7 7 7 7

L-OBS-015 – LAT Config 5 Power Off 1 7 7 7 7 7 7 7 7

L-OBS-016 – LAT Config 6 Power Off 1 1 1 1 1 1 1 1 1

L-OBS-017 – LAT Config 7 Power Off 1 1 1 1 1 1 1 1 1

L-OBS-018 – LAT Config 8 Power Off 1 1 1 1 1 1 1 1 1

L-OBS-019 – LAT Config 9 Power Off 1 1 1 1 1 1 1 1 1

L-OBS-021 – LAT Config 1 Reinitialization 1 1 1 1 1 1 1 1 1

L-OBS-022 – LAT Config 2 Reinitialization 1 1 1 1 1 1 1 1 1

L-OBS-023 – LAT Config 3 Reinitialization 1 1 1 1 1 1 1 1 1

L-OBS-024 – LAT Config 4 Reinitialization 1 1 1 1 1 1 1 1 1

L-OBS-026 – LAT Config 6 Reinitialization 1 1 1 1 1 1 1 1 1

L-OBS-041 – LAT Config 1 FSW Uploads 5 5 5 5 5 5 5 X

L-OBS-042 – LAT Config 2 FSW Uploads 5 5 5 5 5 5 5 X

L-OBS-061 – LAT Config 1 SIU/EPU H/W Funct 1 1 1 1 1 1 1 1 1

L-OBS-062 – LAT Config 2 SIU/EPU H/W Funct 1 1 1 1 1 1 1 1 1

L-OBS-071 – LAT Config 1 Energy Meas Calib X X

L-OBS-072 – LAT Config 2 Energy Meas Calib X X

L-OBS-091 – LAT Config 1 Abs Event Timestamp X

L-OBS-092 – LAT Config 2 Abs Event Timestamp X

L-OBS-101 – LAT Config 1 Load Shed 1 X 1 X 3 X 3 2 2 3 3 3 2 2 1 X 1 1 2 2 2 2 2 1 1 1 X

L-OBS-102 – LAT Config 2 Load Shed 1 X 1 X 3 X 3 2 2 3 3 3 2 2 1 X 1 1 2 1 2 2 2 2 1 1 1 X

L-OBS-103 – LAT Config 3 Load Shed 1 1 1 1 1 1 1 1

L-OBS-104 – LAT Config 4 Load Shed 1 1 1 1 1 1 1 1

L-OBS-105 – LAT Config 5 Load Shed 1 1 1 1 1 1 1 1

L-OBS-121 – LAT Config 1 Science Modes X X

L-OBS-122 – LAT Config 2 Science Modes X X

L-OBS-131 – Config 1 LAT/Spacecraft I/F 1 1 1 2 2 2 2 1 1 1 2 2 2 2 2 1 1 1

L-OBS-132 – Config 2 LAT/Spacecraft I/F 1 1 1 2 2 2 2 1 1 1 2 2 2 2 2 1 1 1

L-OBS-133 – Config 3 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1 1

L-OBS-134 – Config 4 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1 1

L-OBS-135 – Config 5 LAT/Spacecraft I/F 1 1 1 1 1 1 1 1 1

L-OBS-151 – LAT Config 1 Ambient TCS Test X

L-OBS-152 – LAT Config 2 Ambient TCS Test X

L-OBS-171 – LAT Config 1 Cond & Rad Emissions X

L-OBS-172 – LAT Config 2 Cond & Rad Emissions X

L-OBS-181 – LAT Config 1 Cond & Rad Susceptibility X

L-OBS-201 – LAT Config 1 Science Perf Diag X X

L-OBS-202 – LAT Config 2 Science Perf Diag X X

L-OBS-211 – LAT Config 1 Timing Measure & Adjust X X X

L-OBS-212 – LAT Config 2 Timing Measure & Adjust X X X

L-OBS-221 – LAT Config 1 Science Ops Demo 1 1 1 3 X 3 2 2 3 3 3 2 2 1 X 1 X 1 X 2 2 X 2 2 2 X 1 1 X 1

L-OBS-222 – LAT Config 2 Science Ops Demo 1 1 1 3 X 3 2 2 3 3 3 2 2 1 X 1 1 X 2 X 2 2 X 2 X 2 1 X 1 1

L-OBS-223 – LAT Config 3 Science Ops Demo 1 1 1 1 1 1 1 1 1

L-OBS-224 – LAT Config 4 Science Ops Demo 1 1 1 1 1 1 1 1 1

L-OBS-225 – LAT Config 5 Science Ops Demo 1 1 1 1 1 1 1 1 1

L-OBS-226 – LAT Config 6 Science Ops Demo 1 1 1 1 1 1 1 1 1

L-OBS-231 – LAT Config 1 GRB Handling X X X X

L-OBS-232 – LAT Config 2 GRB Handling X X X X

L-OBS-301 – LAT Config 1 ACD CPT 1 1,4 1,4 1,4 1,4

L-OBS-302 – LAT Config 2 ACD CPT 1 1,4 1,4 1,4 1,4

L-OBS-311 – LAT Config 1 ACD LPT 1,4 2 2 2 2 1,4 2 2 2 2 2 1,4 1,4

L-OBS-312 – LAT Config 2 ACD LPT 1,4 2 2 2 2 1,4 1,4 2 2 2 2 2 1,4

L-OBS-401 – LAT Config 1 Calorimeter CPT 1 1,4 1,4 1,4 1,4

L-OBS-402 – LAT Config 2 Calorimeter CPT 1 1,4 1,4 1,4 1,4

L-OBS-411 – LAT Config 1 Calorimeter LPT 1,4 2 2 2 2 1,4 2 2 2 2 2 1,4 1,4

L-OBS-412 – LAT Config 2 Calorimeter LPT 1,4 2 2 2 2 1,4 1,4 2 2 2 2 2 1,4

L-OBS-501 – LAT Config 1 Tracker CPT 1 1,4 1,4 1,4 1,4

L-OBS-502 – LAT Config 2 Tracker CPT 1 1,4 1,4 1,4 1,4

L-OBS-511 – LAT Config 1 Tracker LPT 1,4 2 2 2 2 1,4 2 2 2 2 2 1,4 1,4

L-OBS-512 – LAT Config 2 Tracker LPT 1,4 2 2 2 2 1,4 1,4 2 2 2 2 2 1,4

L-OBS-901 – LAT Config 1 FSW File System Verif X X X

L-OBS-902 – LAT Config 2 FSW File System Verif X X X

Notes:

1.  Test part of the LAT CPT.

2.  Test part of the LAT LPT.

3.  Test part of the LAT Aliveness Test.

4.  As Detectors are internally redudant, full Detector CPTs are not required in both Configs 1 & 2 to verify all interfaces. Therefore runs of CPTs and LPTs are alternated between each test phase to more equally distribute run time.

5.  L-OBS-04x is run as required to load FSW Builds and Science Operations databases.  Test is only required in the Baseline and Post TV Tests.

6. Test is run at the earliest opportunity FSW is available to support the test.

7.  L-OBS-10x may be run in leiu of L-OBS-01x in configurations 1-5.

LAT Observatory I&T



Observatory Level Post LAT Radiator Installation Test

The Observatory level LAT Post Radiator Installation Test shall consist of the execution of the test cases specified in Table 6‑6 above and performed in the order determined by the Spacecraft and LAT test directors and schedule.  This test occurs following the integration of the radiators to the LAT.   During this test, for the entire Thermal Control Subsystem (TCS), perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW; and 5) Verify all LAT temperature sensors report ambient temperatures.   Note that LAT Radiator installation is performed per the LAT Radiation Installation Procedure, LAT-PS-08471.
Baseline Observatory Test

The Baseline Observatory Test (BOT) is the first run for the record Observatory level test performed following LAT integration to the Spacecraft.  The BOT is to be executed at the FoF clean room located on the General Dynamics Gilbert, AZ campus.  The LAT portion of BOT consists of the execution of the test cases specified in Table 6‑6 above in the order determined by the Spacecraft and LAT test directors.  The purpose of the BOT, from the LAT perspective, is four fold.

First, all LAT functions are validated.  This is done to show all FSW functions are working properly in the environment of the fully integrated Observatory and can interface with all hardware.  A limited number of FSW functions are validated in an all redundant configuration to demonstrate there are no FSW/hardware interface issues with regard to redundant units.

Second, a Subsystem CPT is performed on all LAT Detector Subsystems in the all redundant configuration to verify the continued health of the Instrument.   A Science Operations Demonstration is run in six cross-strapped configurations while power is applied in an additional 3 configurations to verify every copper path is functional and that no issues exist in unit to unit interfaces.  
Third, the LAT is characterized and calibrated at the Observatory level.  A battery of tests is executed in both the all primary and redundant configurations to establish Instrument timing, calibrate the instrument, and determine the operational settings.   The trend data baseline for timing, calibration, and operational settings is established at Baseline Observatory Test.

Finally, performance of the LAT as an integrated scientific instrument on the Observatory is proven using Muons. 
LAT Absolute Event Timestamp Test

The LAT Absolute Event Timestamp test uses paddles to detect muons that timestamp the arrival of muons at the exterior of the LAT.  The timestamp provided by the paddles is compared to the timestamp on the same event provided by the LAT thus allowing the accuracy of the LAT timestamp to be verified.  This test consists of the execution of the test cases specified in Table 6‑6 above in the order determined by the Spacecraft and LAT test directors.  

Observatory EMI/EMC Tests

Observatory Pre EMI/EMC Test

Following installation of the GLAST Observatory in the anechoic chamber, the LAT test cases specified in the Pre-EMI/EMC column of Table 6‑6 shall be performed prior to EMI/EMC testing in the order determined by the Spacecraft and LAT test directors and schedule.

Observatory EMI/EMC Test

The LAT portion of the EMI/EMC Test shall consist of the execution of the LAT test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Observatory Post EMI/EMC Test

The LAT portion of the Post-EMI/EMC Test shall consist of the execution of the LAT test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Observatory Acoustic Tests

4.2.6.1.1 Observatory Pre-Acoustic Test

Following installation of the GLAST Observatory in the acoustic cell, the LAT portion of the Pre-Acoustic Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

4.2.6.1.2 Observatory Acoustic Test

The Acoustic Test shall be conducted as specified in the General Dynamics GLAST Acoustic Test Plan.
4.2.6.1.3 Observatory Post-Acoustic Test

The LAT portion of the Post-Acoustic Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Observatory Sine Vibe Tests

4.2.6.1.4 Observatory Pre-Sine Vibe Test

The LAT portion of the Pre-Sine Vibe Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors, following integration of the GLAST Observatory to the Vibe Table.  

4.2.6.1.5 Observatory Sine Vibe Test

The Sine Vibe Test shall be conducted as specified in the Observatory Sine Vibe Test Plan.  
4.2.6.1.6 Observatory Post Axis Sine Vibe Tests

The LAT portion of the Post-Axis Sine Vibe Tests shall be conducted on the Vibe Table after each axis to verify LAT electrical performance was not adversely impacted by the Sine Vibe environment.  The Post-Axis Sine Vibe Tests shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test director.

4.2.6.1.7 Post Pyro-Shock Test

The LAT portion of the Post-Pyro Shock Tests shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test director.

Following the completion of the Observatory Pyro Shock test, mechanical test data shall be analyzed to verify the following requirements as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

710) LVP127/LPS387 – LAT Pyroshock Spectrum

Verification: T6

711) LVP563/MEC3-344 – LAT Shock Performance

Verification: T6

Observatory Pre-Thermal Vacuum Test

The LAT portion of the Pre-Thermal Vacuum Tests shall be conducted at ambient in the Thermal Vacuum chamber and consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the test director and schedule.

Thermal Vacuum Tests

The LAT portion of the Thermal Vacuum Tests shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determines by the test director.  The Thermal Vacuum Test shall be conducted as specified in the General Dynamics GLAST Thermal Vacuum Test Plan.

Following the completion of Observatory TV, thermal test data shall be analyzed to verify the following requirements as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

712) LVP151/LPS481 – Observatory Thermal Test Requirements

Verification: T6

713) LVP343/MEC3-165 – Thermal Vacuum Test Configuration

Verification: T6

Hot Thermal Balance Test

The LAT portion of the Hot Thermal Balance Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot Protoflight Test

The LAT portion of the Hot Protoflight Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Hot to Cold Transition 1 Test

The LAT portion of the Hot to Cold Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold Survival Test

The LAT portion of the Cold Survival Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Cold Thermal Balance Test

The LAT portion of the Cold Thermal Balance Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Cold Protoflight Test

The LAT portion of the Cold Protoflight Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Cold to Hot Transition 1 Test

The LAT portion of the Cold to Hot Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Hot Plateau 1 Test

The LAT portion of the Hot Plateau 1 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Hot to Cold Transition 1 Test

The LAT portion of the Hot to Cold Transition 1 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Cold Plateau 1 Test

The LAT portion of the Cold Plateau 1 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.
Cold to Hot Transition 2 Test

The LAT portion of the Cold to Hot Transition 2 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot Plateau 2 Test

The LAT portion of the Hot Plateau 2 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot to Cold Transition 2 Test

The LAT portion of the Hot to Cold Transition 2 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold Plateau 2 Test

The LAT portion of the Cold Plateau 2 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold to Hot Transition 3 Test

The LAT portion of the Cold to Hot Transition 3 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot Plateau 3 Test

The LAT portion of the Hot Plateau 3 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot to Cold Transition 3 Test

The LAT portion of the Hot to Cold Transition 3 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold Plateau 3 Test

The LAT portion of the Cold Plateau 3 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors and schedule.

Cold to Hot Transition 4 Test

The LAT portion of the Cold to Hot Transition 4 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot Plateau 4 Test

The LAT portion of the Hot Plateau 4 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Hot to Cold Transition 4 Test

The LAT portion of the Hot to Cold Transition 4 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold Plateau 4 Test

The LAT portion of the Cold Plateau 4 Test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determined by the Spacecraft and LAT test directors.

Cold to Ambient Transition

No testing is currently planned for this transition.  However, test cases may be executed when directed by the test director with the concurrence of the General Dynamics, the Commissioner, and LAT Systems Engineering.

Observatory Post Thermal Vacuum Test

The LAT portion of the Observatory Post Thermal Vacuum test shall consist of the execution of the test cases specified in Table 6‑6 and performed in the order determine by the Spacecraft and LAT test directors. 
Following the completion of Observatory environments, test data shall be analyzed to verify the following requirements as specified in the LAT Verification Cross Reference Matrix, LAT-MD-07658:

714) LVP489/LPS1457 – Observatory Environments

Verification: T6
LAT Observatory Level Test Cases

LAT Observatory Level test shall consist of the execution of the test cases during the test phase specified in Table 6‑6.  Test cases executed in a test phase are performed in the order determined by the Spacecraft and LAT test directors. 
L-OBS-00x - LAT Power On

The L-OBS-00x - LAT Power On test case is run in coordination with a Spacecraft AstroRT script that takes the LAT from a safe off state and, using SC feed, discrete, and SC-LAT 1553B commands, places the Instrument in one of the nine redundancy configurations.  Each redundancy configuration consists of the selection of LAT units (SIU, EPUs, PDU, GASU, et. al.) to be powered as shown by Table 6‑7 below.  The LAT Power On test cases also verify the functionality of the power, command, and telemetry SC/LAT interfaces, the SC discrete and MIL-STD-1553B command capabilities, the Housekeeping telemetry function, the Diagnostic telemetry function, the Dwell telemetry function, and the proper operation of LAT internal command, telemetry, and power interfaces.  In addition, the successful collection, sample rate, format, and transmission to the SC of LAT Housekeeping, Diagnostic, and science data including the LAT analog telemetry that is read directly by the Spacecraft is verified. Command execution is also verified via Housekeeping telemetry.

4.2.6.1.8 L-OBS-00x – LAT Power On Success Criteria

The success criteria for L-OBS-00x are identical to those specified in the paragraph 6.7.2.1.1 above that describes LAT001 – LAT Configuration 1 Power On. 
4.2.6.1.9 L-OBS-00x – LAT Power On Functions Validated

The functions validated by L-OBS-00x are identical to those specified by paragraph 6.7.2.1.1.1 above that describes the functions validated by LAT001 – LAT Configuration 1 Power On.
L-OBS-01x - LAT Power-Off

The L-OBS-01x - LAT Power-Off test case is run in coordination with a Spacecraft AstroRT script that takes the LAT from an on and operational state and places it in a safe off configuration.  Power down is performed from each of the nine redundancy configuration shown by Table 6‑7 below.  During each step of power down verification of the off state of each unit will be verified with Housekeeping Telemetry.  Note that L-OBS-10x may be run in lieu of LAT01x in Configurations 1-9 as indicated by Table 6‑6 and at the discretion of the test director.

4.2.6.1.10 L-OBS-01x – LAT Power-Off Success Criteria

The success criteria for L-OBS-01x are identical to those specified in the paragraph 6.7.2.2.1 above that describes LAT011 – LAT Configuration 1 Power Off. 

Table 6‑7
LAT Observatory Level Redundancy Configurations
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4.2.6.1.11 L-OBS-01x – LAT Power-Off Functions Validated

The functions validated by L-OBS-01x are identical to those specified by paragraph 6.7.2.2.1.1 above that describes the functions validated by LAT011 – LAT Configuration 1 Power Off.

L-OBS-02x - LAT Reinitialization

The L-OBS-02x - LAT Reinitialization test case is run in coordination with a Spacecraft AstroRT script to verify, over the course of LAT environmental testing, that the SIU and EPU boot memory, primary boot, secondary boot, reinitialization, shutdown, and watchdog related hardware devices remain fully functional.  In addition, verification of the Boot Housekeeping and Boot Diagnostic telemetry functions will be performed. These test cases also verify the LAT recovers if one of the LAT processors becomes non-operational or looses communications internally by conducting the following scenarios:

715) Orderly shutdown

716) SIU and EPU Boot memory dump

717) Reboot of the SIU and EPU on receipt of the SIU_RESET from the Spacecraft
718) Watchdog reinitialization of the SIU

719) SIU Watchdog reinitialization of the EPUs

4.2.6.1.12 L-OBS-02x – LAT Reinitialization Success Criteria

The success criteria for L-OBS-02x are identical to those specified in the paragraph 6.7.2.3.1 above that describes LAT021 – LAT Configuration 1 Reinitialization. 

4.2.6.1.13 L-OBS-02x – LAT Reinitialization Functions Validated

The functions validated by L-OBS-02x are identical to those specified by paragraph 6.7.2.3.1.1 above that describes the functions validated by LAT021 – LAT Configuration 1 Reinitialization.

L-OBS-04x - LAT Flight Software Uploads
The L-OBS-04x – LAT Flight Software Uploads test case loads, and verifies by memory dump, all data, FSW, tables, configuration files, et. al. to the LAT necessary for Instrument science operations and burns those uploads into the prime and redundant side EEPROMs as required.  This test case is run once each time for each SIU and EPU whenever a complete FSW version upload is performed.  L-OBS-04x is run standalone from LICOS and does not require Spacecraft AstroRT support.
4.2.6.1.14 L-OBS-04x – LAT Flight Software Uploads Success Criteria

The success criteria for L-OBS-04x are identical to those specified in the paragraph 6.7.2.5.1 above that describes LAT041 – LAT Configuration 1 Establish Baseline Science Operations Configuration. 

4.2.6.1.15 L-OBS-04x – LAT Flight Software Uploads Functions Validated

The functions validated by L-OBS-04x are identical to those specified by paragraph 6.7.2.5.1.1 above that describes the functions validated by LAT041 – LAT Configuration 1 Establish Baseline Science Operations Configuration.

L-OBS-06x – SIU/EPU Hardware Functional

The L-OBS-06x – SIU/EPU Hardware Functional test case verifies the health of the Spacecraft Interface Unit (SIU) and Event Processing Units (EPU) hardware through environments by performing memory writes followed by a memory read (dump) from each major area of processor memory.  In addition, the ability to enable and disable and the correct function of all memory protection devices that scrub for, detect, and correct memory errors is also verified.  Finally, request from FSW a Memory Pool Status Report.  L-OBS-06x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.16 L-OBS-06x – SIU/EPU Hardware Functional Success Criteria

The success criteria for L-OBS-06x are identical to those specified in the paragraph 6.7.2.7.1 above that describes LAT061 – LAT Configuration 1 SIU/EPU Hardware Functional. 

4.2.6.1.17 L-OBS-06x – SIU/EPU Hardware Functional Functions Validated

The functions validated by L-OBS-06x are identical to those specified by paragraph 6.7.2.7.1.1 above that describes the functions validated by LAT061 – LAT Configuration 1 SIU/EPU Hardware Functional.

L-OBS-07x – LAT Energy Measurement Calibration

The L-OBS-07x – LAT Energy Measurement Calibration test case performs charge injection for each detector to establish the correlations between the charge deposited in a detector and the actual counts values output by that detector. In addition, muon runs collect data to facilitate the off-line determination of the relationship between the absolute scale of the energy deposited in the LAT and the resulting output from each detector.  For the ACD, the Minimum Ionizing Particle (MIP) peak of each PHA is determined and used to correlate the ACD energy measurements, output in counts, to MIPs. For the CAL, the absolute energy scale is ascertained and used to associate CAL energy measurements, also output in counts, to MeV.  For the TKR, the Time Over Threshold (TOT) peak (charge scale) is determined as a function of deposited charge such that a coarse determination of the amount of energy deposited in the TKR can be provided based on the TOT.  Note that the deposited charge to counts conversions, ACD PHA MIP peak, CAL absolute energy scale, and TKR TOT peak are all calculated off-line using the data collected in this test. L-OBS-07x is run standalone from LICOS and does not require Spacecraft AstroRT script support.

4.2.6.1.18 L-OBS-07x – LAT Energy Measurement Calibration Success Criteria

The success criteria for L-OBS-07x are identical to those specified in the paragraph 6.7.2.8.1 above that describes LAT071 – LAT Configuration 1 Energy Measurement Calibration. 

4.2.6.1.19 L-OBS-07x – LAT Energy Measurement Calibration Functions Validated

The functions validated by L-OBS-07x are identical to those specified by paragraph 6.7.2.8.1.1 above that describes the functions validated by LAT071 – LAT Configuration 1 Energy Measurement Calibration.

L-OBS-10x – LAT Load Shed

The L-OBS-10x – LAT Load Shed test case verifies successful execution of a LAT Load Shed command sent from a corresponding Spacecraft AstroRT script via the Spacecraft and is also utilized to quickly power down the LAT.  The test is performed in redundancy configurations 1-4 to verify a Load Shed can be performed across all prime, all redundant, and cross-strapped LAT-SC interfaces.  Note that LAT10x may be run in lieu of LAT01x in Configurations 1-9 as indicated by Table 6‑7 above at the discretion of the test director.

4.2.6.1.20 L-OBS-10x – LAT Load Shed Success Criteria

The test case L-OBS-10x shall perform the tests below which validate the following functions.   

720) For each function specified in 6.8.2.7.2 below, the function validation activities have been successfully completed and that the LAT function performs as designed and required as determined by Systems Engineering.
721) Following the Load Shed/Safe Mode telecommand sent to the LAT an Alert Telemetry message was received in Diagnostic telemetry stream within 5 seconds of issuing that command.

722) When the Load Shed/Safe Mode telecommand is sent to the LAT the LAT responds by powering off the LAT (excluding the SIU) and a Primary Boot was performed on the SIU all within 15 seconds.

723) When the Load Shed/Safe Mode telecommand is sent to the LAT in Thermal Vacuum cold the LAT responds by powering off the LAT (excluding the SIU), a Primary Boot is performed on the SIU all within 15 seconds, and the TCS enters Safe Mode (all VCHP heaters on).
4.2.6.1.21 L-OBS-10x – LAT Load Shed Functions Validated

The test case L-OBS-10x shall perform the tests below which validate the following functions.   

724) IN16 – Alert Telemetry

Verify that the Spacecraft in configurations 1-4, receives an Alert Telemetry message from the LAT indicating a Load Shed/Safe Mode shut down is in progress within 5 seconds of LAT receipt of the Load Shed/Safe Mode telecommand.

725) IN27 – Safemode

As the LAT response to the Load Shed and Safemode commands are identical, validation of IN28 validates this function.

726) IN28 – Load Shed

Issue, from the Spacecraft in configurations 1-4, a Load Shed command and verify the FSW turns off the entire LAT, except the SIU within 15 seconds, and then places the SIU in Primary Boot. 

L-OBS-12x – LAT Science Modes

The L-OBS-12x – LAT Science Modes test case verifies the LAT correctly transitions between the Physics Mode, (which supports the Observatory’s Sky Survey Mode and Pointed Observation Mode), the Repointed Observation Mode, supports sequences of pointed and sky survey observations, and reports its current mode via telemetry.  In addition, demonstrate the LAT correctly responds to South Atlantic Anomaly (SAA) entry commands and subsequently recovers to the LAT operational state present prior to SAA entry and the FSW response to a simulated ACD HVBS anomaly will also be tested.  L-OBS-12x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.22 L-OBS-12x – LAT Science Modes Success Criteria

The success criteria for L-OBS-12x are identical to those specified in the paragraph 6.7.2.9.1 above that describes LAT121 – LAT Configuration 1 Science Modes. 

4.2.6.1.23 L-OBS-12x – LAT Science Modes Functions Validated

The functions validated by L-OBS-12x are identical to those specified by paragraph 6.7.2.9.1.1 above that describes the functions validated by LAT121 – LAT Configuration 1 Science Modes.

L-OBS-13x – LAT/SC Interface Functional

The L-OBS-13x – LAT/SC Interface Functional test case, run in coordination with a Spacecraft AstroRT script, verifies the functionality of the LAT/SC Interfaces not tested during the LAT Power-On (L-OBS-00x).  The Spacecraft is powered into either an all primary unit or all redundant unit configuration while the LAT is powered into one of the redundancy configurations 1-5 in order to verify the all prime, the all redundant, and the cross-strapped LAT-SC interfaces.  The functionality verified includes the GBM supplied Immediate Trigger Signal (ITS), GPS (Time-tone) Message, the GPS Time Hack (1 PPS signal), the Observatory attitude and position data (the Spacecraft Ancillary telecommand), 1553 telecommands, command rate, Spacecraft Ready line, and DC power all provided by the SC, the LAT Event Time Stamp, Time Consistency Check, Clock Correlation, and Event Ancillary Data functions that operate on the SC supplied data.   

4.2.6.1.24 L-OBS-13x – LAT/SC Interface Functional Success Criteria

The success criteria for L-OBS-13x are identical to those specified in the paragraph 6.7.2.10.1 above that describes LAT131 – Configuration 1 LAT/SC Interface Functional with the following addition. 

727) An Immediate Trigger Signal (ITS) is detected and the LAT correctly responds with the appropriate a GRB alert message in the Diagnostic telemetry stream in LAT redundancy configurations 1-5.
4.2.6.1.25 L-OBS-13x – LAT/SC Interface Functional Functions Validated

The functions validated by L-OBS-13x are identical to those specified by paragraph 6.7.2.10.1.1 above that describes the functions validated by LAT131 – Configuration 1 LAT/SC Interface Functional with the following addition.

728) SF59 – GBM Notification

In redundancy configurations 1-5, simulate a GRB using the GBM to send an Immediate Trigger Signal (ITS) and verify the LAT correctly responds with the appropriate a GRB alert message in the Diagnostic telemetry stream.

L-OBS-15x – LAT Ambient Thermal Control Subsystem Test

Following LAT Radiator integration, execute the L-OBS-15x – LAT Ambient Thermal Control Subsystem Test case, in coordination with a Spacecraft AstroRT script, in order to perform the following: 1) Verify the FSW TCS algorithm can be enabled and disabled; 2) Verify the FSW has control over all of the VCHP heaters by commanding it turn each heater on and off individually; 3) Verify that the FSW collects and accurately interprets the temperature sensors identified for LAT Thermal Control; 4) Manipulate heater set points and verify with flight thermistors, IR guns, test thermocouples, etc. that the correct heaters turn on and off when commanded automatically by the FSW; and 5) Read all temperature sensors on board the LAT and verify accurate readout and conversion coefficients.  This test is not part of the LAT CPT.

4.2.6.1.26 L-OBS-15x – LAT Ambient TCS Test Success Criteria

The success criteria for L-OBS-15x are identical to those specified in the paragraph 6.7.2.12.1 above that describes LAT151 – LAT Configuration 1 Ambient Thermal Control Subsystem Test. 

4.2.6.1.27 L-OBS-15x – LAT Ambient TCS Test Functions Validated

The functions validated by L-OBS-15x are identical to those specified by paragraph 6.7.2.12.1.1 above that describes the functions validated by LAT151 – LAT Configuration 1 Ambient Thermal Control Subsystem Test.

L-OBS-17x - LAT Conducted and Radiated Emissions

The L-OBS-17x - LAT Conducted and Radiated Emissions test case simulates LAT on-orbit operations by performing muon runs while injecting a periodic trigger so that event rates of ~500 Hz are obtained.  During these muon runs the Conducted and Radiation Emissions sweeps shall be conducted to detect LAT EMI emissions in both the Instrument’s and Observatory’s “operational” state.  This test shall be conducted in accordance with the GLAST Observatory Electromagnetic Interference Test Plan.  L-OBS-17x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.28 L-OBS-17x - LAT Conducted and Radiated Emissions Success Criteria

The success criteria for L-OBS-17x are identical to those specified in the paragraph 6.7.2.14.1 above that describes LAT171 - LAT Configuration 1 Conducted and Radiated Emissions. 

4.2.6.1.29 L-OBS-17x - LAT Conducted and Radiated Emissions Functions Validated

The functions validated by L-OBS-17x are identical to those specified by paragraph 6.7.2.14.1.1 above that describes the functions validated by LAT171 - LAT Configuration 1 Conducted and Radiated Emissions.

L-OBS-18x - LAT Conducted and Radiated Susceptibility

In the L-OBS-18x - LAT Conducted and Radiated Susceptibility test case the LAT is configured to collect muons with CAL triggers at flight level, ACD VETOs enabled, and with periodic triggers injected to create an event rate of ~500 Hz.  Susceptibility is determined by post test analysis of TKR noise occupancy, CAL pedestal widths and trigger rates, ACD pedestal widths and VETO rates, and T&DF commanding and data flow errors.  In addition, a real-time monitor of global trigger rates is also performed to identify potential Instrument susceptibility during the EMI frequency sweeps.  This test shall be conducted in accordance with the GLAST Observatory Electromagnetic Interference Test Plan.  L-OBS-18x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.30 L-OBS-18x - LAT Conducted and Radiated Susceptibility Success Criteria

The success criteria for L-OBS-18x are identical to those specified in the paragraph 6.7.2.15.1 above that describes LAT181 - LAT Configuration 1 Conducted and Radiated Susceptibility. 

4.2.6.1.31 L-OBS-18x - LAT Conducted and Radiated Susceptibility Functions Validated

The functions validated by L-OBS-18x are identical to those specified by paragraph 6.7.2.15.1.1 above that describes the functions validated by LAT181 - LAT Configuration 1 Conducted and Radiated Susceptibility.

L-OBS-20x - LAT Science Performance Diagnostics

The L-OBS-20x - LAT Science Performance Diagnostics test case verifies the LAT, upon receipt of the appropriate command, performs the following Science Performance monitoring Diagnostic functions during normal operations: 1) ACD Cosmic Ray (CR) Sample Events; 2) CAL CR Calibration; 3) CAL CR Calibration Prescale; 4) CAL Calibration Enable/Disable; 5) CAL CR Calibration Trigger; 6) TKR CR Calibration; 7) TKR CR Calibration Excluding Showering Events; and 8) TKR CR Calibration Excluding Low Energy Tracks.   Note that the event filters which provide the Science Performance Diagnostic (SPD) functions may operate in parallel with the Flight Operations filter.   L-OBS-20x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.32 L-OBS-20x - LAT Science Performance Diagnostics Success Criteria

The success criteria for L-OBS-20x are identical to those specified in the paragraph 6.7.2.16.1 above that describes LAT201 - LAT Configuration 1 Science Performance Diagnostics. 

4.2.6.1.33 L-OBS-20x - LAT Science Performance Diagnostics Functions Validated

The functions validated by L-OBS-20x are identical to those specified by paragraph 6.7.2.16.1.1 above that describes the functions validated by LAT201 - LAT Configuration 1 Science Performance Diagnostics.

L-OBS-21x - LAT Timing Measure & Adjust

The L-OBS-21x - LAT Timing Measure & Adjust test case measures and/or adjusts LAT level timing as necessary for the following parameters: 1) ACD Hold Delays; 2) ACD Hit Map Timing; 3) ACD TACK Delays; 4) CAL-Lo TREQ Delay; 5) CAL-Hi TACK Delay; 6) TKR TREQ Delays; 7) TKR TACQ Delays; 8) Trigger Window; and 9) Deadtime.  These parameters are determined during the execution of the series of Trigger Tests described in 6.7.2.17.1 above.  

4.2.6.1.34 L-OBS-21x - LAT Timing Measure & Adjust Success Criteria

The success criteria for L-OBS-21x are identical to those specified in the paragraph 6.7.2.17.3 above that describes LAT211 - LAT Configuration 1 Timing Measure & Adjust. 

4.2.6.1.35 L-OBS-21x - LAT Timing Measure & Adjust Functions Validated

The functions validated by L-OBS-21x are identical to those specified by paragraph 6.7.2.17.3.1 above that describes the functions validated by LAT211 - LAT Configuration 1 Timing Measure & Adjust.

L-OBS-22x - LAT Science Operations Demonstration

The L-OBS-22x - LAT Science Operations Demonstration test case performs three major functions at the Observatory level:

729) A science operations demonstration on the ground that collects  muons and verifies the LAT end-to-end handling of event data monitoring, readout, time stamping, Observatory position and attitude data correlation, energy measurement, data contents, and data delivery to the Science Data Port. 

730) Demonstrates the Flight Operations configuration with the result of a very low rate of cosmic neutral events (verifies the filter really rejects charged particles).  This test validates the LAT’s end-to-end handling of event data including the FSW functions of event filtering, formatting, and building that can not be demonstrated by other activities.

731) Utilizing either the LAT configuration defined for item 1 or item 3 collect enough muons in each of the redundancy configurations (2-6) to statistically verify all data paths in that configuration, that each ACD channel, CAL log end, and TKR strip must have triggered at least once.

 L-OBS-22x is run standalone from LICOS and does not require Spacecraft AstroRT script support.

4.2.6.1.36 L-OBS-22x - LAT Science Operations Demonstration Success Criteria

The success criteria for L-OBS-22x are identical to those specified in the paragraph 6.7.2.18.1 above that describes LAT221 - LAT Configuration 1 Science Operations Demonstration. 

4.2.6.1.37 L-OBS-22x - LAT Science Operations Demonstration Functions Validated

The functions validated by L-OBS-22x are identical to those specified by paragraph 6.7.2.18.1.1 above that describes the functions validated by LAT221 - LAT Configuration 1 Science Operations Demonstration.

L-OBS-23x - LAT GRB Handling

The L-OBS-23x - LAT GRB Handling test case, run in coordination with a Spacecraft AstroRT script, verifies the LAT properly handles and responds to GRB alerts from the GBM, detects and responds accordingly to LAT detected GRBs, and responds correctly to repointing requests both from the ground and the GBM.  Verification includes repointing enable, different operational modes, and conflicting requests. Verify the LAT end-to-end handling of GRB monitoring, ground notification of a GRB, Autonomous Repoint Request, GRB data readout, filtering, formatting, building, time stamping, Observatory position and attitude data correlation, energy measurement, angular resolution, position resolution, data contents, and data delivery to the Science Data Port.

4.2.6.1.38 L-OBS-23x - LAT GRB Handling Success Criteria

The success criteria for L-OBS-23x are identical to those specified in the paragraph 6.7.2.19.1 above that describes LAT231 - LAT Configuration 1 GRB Handling. 

4.2.6.1.39 L-OBS-23x - LAT GRB Handling Functions Validated

The functions validated by L-OBS-23x are identical to those specified by paragraph 6.7.2.19.1.1 above that describes the functions validated by LAT231 - LAT Configuration 1 GRB Handling.

L-OBS-30x - LAT ACD Comprehensive Performance Test

The L-OBS-30x - LAT ACD Comprehensive Performance Test (CPT) verifies the ACD hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the ACD in all operational modes.  The ACD CPT executes in the following sequence the test scripts AcdLeHeBiasCal, AcdHitmapDelay, AcdGafeNoise, AcdVetoCal, AcdTciRegRange, AcdTciHighRange, and AcdPedestal described in paragraph 6.7.2.20.1 above.  L-OBS-30x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.40 L-OBS-30x - LAT ACD CPT Success Criteria

The success criteria for L-OBS-30x are identical to those specified in the paragraph 6.7.2.20.2 above that describes LAT301 - LAT Configuration 1 ACD CPT. 

4.2.6.1.41 L-OBS-30x - LAT ACD CPT Functions Validated

The functions validated by L-OBS-30x are identical to those specified by paragraph 6.7.2.20.2.1 above that describes the functions validated by LAT301 - LAT Configuration 1 ACD CPT.

L-OBS-31x - LAT ACD Limited Performance Test

The L-OBS-31x - LAT ACD Limited Performance Test (LPT) verifies the functional capability of the ACD has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The ACD LPT executes in the following sequence the test scripts AcdGafeNoise, AcdTciRegRange, and AcdPedestal described in paragraph 6.7.2.20.1 above.  L-OBS-31x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.42 L-OBS-31x - LAT ACD LPT Success Criteria

The success criteria for L-OBS-31x are identical to those specified in the paragraph 6.7.2.21.1 above that describes LAT311 - LAT Configuration 1 ACD LPT. 

4.2.6.1.43 L-OBS-31x - LAT ACD LPT Functions Validated

The functions validated by L-OBS-31x are identical to those specified by paragraph 6.7.2.21.1.1 above that describes the functions validated by LAT311 - LAT Configuration 1 ACD LPT.

L-OBS-40x - LAT CAL Comprehensive Performance Test
The L-OBS-40x - LAT CAL Comprehensive Performance Test (CPT) verifies the CAL hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the CAL in all operational modes.  The CAL CPT executes in the following sequence the test scripts calu_pedestals_ci, calf_gain_p01, calf_mu_trend, calf_shp_p01, calf_adc_p02, calf_trg_p03, calf_supp_p01, calf_supp_p02, and claf_rng_p01 described in paragraph 6.7.2.22.1 above.  L-OBS-40x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.44 L-OBS-40x - LAT CAL CPT Success Criteria

The success criteria for L-OBS-40x are identical to those specified in the paragraph 6.7.2.22.2 above that describes LAT401 - LAT Configuration 1 CAL CPT. 

4.2.6.1.45 L-OBS-40x - LAT CAL CPT Functions Validated

The functions validated by L-OBS-40x are identical to those specified by paragraph 6.7.2.22.2.1 above that describes the functions validated by LAT401 - LAT Configuration 1 CAL CPT.

L-OBS-41x - LAT CAL Limited Performance Test

The L-OBS-41x - LAT CAL Limited Performance Test (LPT) verifies the functional capability of the CAL has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits. The CAL LPT executes in the following sequence the test scripts calu_pedestals_ci and calf_mu_trend described in paragraph 6.7.2.22.1 above.   L-OBS-41x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.46 L-OBS-41x - LAT CAL LPT Success Criteria

The success criteria for L-OBS-41x are identical to those specified in the paragraph 6.7.2.23.2 above that describes LAT411 - LAT Configuration 1 CAL LPT. 

4.2.6.1.47 L-OBS-41x - LAT CAL LPT Functions Validated

The functions validated by L-OBS-41x are identical to those specified by paragraph 6.7.2.23.2.1 above that describes the functions validated by LAT411 - LAT Configuration 1 CAL LPT.

L-OBS-50x - LAT Tracker Comprehensive Performance Test

The L-OBS-50x - LAT Tracker Comprehensive Performance Test (CPT) verifies the Tracker hardware meets its performance requirements within allowable tolerances in all specified environments.  The CPT also demonstrates the operation of all redundant circuitry and the satisfactory performance of the Tracker in all operational modes.  The TKR CPT executes in the following sequence the test scripts TkrNoiseandGain (TE301), TkrNoiseOccupancy (TE302), and TkrTotTest (TE306) described in paragraph 6.7.2.24.1 above.  L-OBS-50x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.48 L-OBS-50x - LAT TKR CPT Success Criteria

The success criteria for L-OBS-50x are identical to those specified in the paragraph 6.7.2.24.2 above that describes LAT501 - LAT Configuration 1 TKR CPT. 

4.2.6.1.49 L-OBS-50x - LAT TKR CPT Functions Validated

The functions validated by L-OBS-50x are identical to those specified by paragraph 6.7.2.24.2.1 above that describes the functions validated by LAT501 - LAT Configuration 1 TKR CPT.

L-OBS-51x - LAT Tracker Limited Performance Test

The L-OBS-51x - LAT Tracker Limited Performance Test (LPT) verifies the functional capability of the Tracker has not degraded over the course of the environmental tests, collects sufficient data for performance degradation trending, and demonstrates that the performance of selected hardware functions remains within acceptable limits.  The TKR LPT executes in the following sequence the test scripts TkrReadingConfiguration (TE203) and TkrNoiseOccupancy described in paragraph 6.7.2.24.1 above.  L-OBS-51x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.50 L-OBS-51x - LAT TKR LPT Success Criteria

The success criteria for L-OBS-51x are identical to those specified in the paragraph 6.7.2.25.1 above that describes LAT511 - LAT Configuration 1 TKR LPT. 

4.2.6.1.51 L-OBS-51x - LAT TKR LPT Functions Validated

The functions validated by L-OBS-51x are identical to those specified by paragraph 6.7.2.25.1.1 above that describes the functions validated by LAT511 - LAT Configuration 1 TKR LPT.

L-OBS-90x - LAT FSW File System Verification

The L-OBS-90x - LAT FSW File System Verification test case verifies, following the final upload of FSW using L-OBS-04x, during Observatory Baseline, and at the end of the Observatory Post TV test, all LAT processor permanent memory storage devices contain all expected FSW and associated files.  Compare the LAT processor contents to the file system record maintained by FMX and resolve all differences either by modifying the contents of the file system on the LAT or correcting the FMX record.  L-OBS-90x is run standalone from LICOS and does not require Spacecraft AstroRT script support.
4.2.6.1.52 L-OBS-90x - LAT FSW File System Verification Success Criteria

The success criteria for L-OBS-90x are identical to those specified in the paragraph 6.7.2.30.1 above that describes LAT901 - LAT Configuration 1 File System Verification. 

4.2.6.1.53 L-OBS-90x - LAT FSW File System Verification Functions Validated

The functions validated by L-OBS-90x are identical to those specified by paragraph 6.7.2.30.1.1 above that describes the functions validated by LAT901 - LAT Configuration 1 File System Verification.

5.0 LAT Test Suites

The LAT test suites are collections of tests run at various times during the integration and test operations. For example, the LAT comprehensive performance test (CPT) suite is the set of tests run after the LAT is fully integrated, at specific times during thermal vacuum test, and at the end of the environmental test sequence. The individual tests defined above may be part of several of the test suites. The LAT test suite definitions are shown in Table 7‑1
LAT Test Suite Definitions. The tests to be run at each execution of each test suite are shown in Table 7-1. Note that the term test suite is used at various levels to define a collection of tests. For example, the Calorimeter has a comprehensive test suite that in turn becomes part of the single tower CPT.

The CPT is a full test series which verifies the performance of the LAT. The limited performance test (LPT) is a subset of the CPT used to verify health and functionality. 

The baseline tower integration sequence is:

1. Integrate the tower into the test bay, perform a CPT (first 2 towers) or a LPT. Perform trigger timing tests.

2. Integrate the tower into the grid, perform a CPT (first 2 towers) or a LPT on the newly integrated tower. Note that typically two towers at a time are integrated.

3. Perform a CPT (at 2,4,8 and 16 towers) or LPT with all the integrated towers.

4. Perform the SVAC calibration and muon runs with all the integrated towers.

Variations to the baseline sequence are:

1. The tower may be integrated directly into the grid. In this case, the trigger tests will be performed in the grid. The test bay LPT/CPT will be replaced by the LPT/CPT in the grid.

2. More than two towers may be integrated at a time. In this case, a LPT or CPT will be performed as each tower is integrated.

Note that two tracker tests (TE702 and TE704) are Tracker level tests that could not be performed earlier due to test set limitations. These two tests should be performed as early as practical.

Table 7‑1
LAT Test Suite Definitions

	LAT Test Suite
	Definition/Discussion

	Receiving tests
	Post delivery CPT to verify health of Tracker, Calorimeter, TEM/TPS, ACD, GASU, EPU, SIU and PDU before integration into the LAT

	Cal/TEM/TPS Integration
	Testing during integration of the TEM and TPS to the Calorimeter.

	GASU Integration Tests
	Tests run during integration of the GASU

	PDU Integration Tests
	Tests run during integration of the PDU

	SIU Integration Tests
	Tests run during integration of the SIU

	EPU Integration Tests
	Tests run during integration of the EPU

	ACD Integration Tests
	Tests run during integration of the ACD

	Heater Control Box Integration Tests
	Tests run during integration of the Heater Control Box

	Thermal Control System Integration
	Verifies heaters, thermistors, thermostats

	Tracker LPT in test bay
	Optional test to check the Tracker after installation in the test bay and before integration with the TEM/TPS (uses Tracker portion of the Test Bay Detector LPT)

	Test Bay Detector LPT
	Limited performance test of the tower installed in the test bay

	Test Bay Detector CPT
	Comprehensive performance test of the tower installed in the test bay

	Test Bay SVAC
	Calibration Data Collection on a single tower in the test bay

	Test Bay ETE
	Data flow tests on a single tower in the test bay

	Single tower in Grid Detector LPT
	Limited performance test of the tower installed in the grid

	Single tower in Grid  Detector CPT
	Comprehensive performance test of the tower installed in the grid

	Single tower in Grid  SVAC
	Calibration Data Collection on a single tower in the grid

	Single tower in Grid  ETE
	Data flow tests on a single tower in the grid

	Multiple tower in Grid Detector LPT
	Limited performance test of  multiple towers installed in the grid

	Multiple tower in Grid  Detector CPT
	Comprehensive performance test of multiple towers (4 or more) installed in the grid

	Multiple tower in Grid  SVAC
	Calibration Data Collection on multiple towers  in the grid

	Multiple tower in Grid  ETE
	Data flow tests on  multiple towers  in the grid

	Two tower in Grid CPT
	Comprehensive performance test of  the first two towers installed in the grid








� The configuration includes, but is not limited to the trigger setup, GTRC splits, discriminator thresholds etc.


�  Electrical Ground Support Equipment
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